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INTRODUCTION 
The three rootvorm species of significant economic importance are 
Diabrotica longicomis (Say), or northern com rootworm; Diabrotica vir-
gifera LeConte, or western com rootwormj and Diabrotica undecimpunctata 
howardi Barber, or southern com rootworm. The larvae of the latter 
species are polyphytophagous while those of the other species feed pri­
marily on com (Zea mays)» 
Prior to 19li8 com rootwoias were controlled by crop rotations. Since 
I9I48 the use of effective chlorinated hydrocarbon soil insecticides in 
controlling rootworm populations and the availability of relatively low-
cost nitrogen fertilizers made continuous com a profitable enterprise in 
mai^ areas of the com belt. More recently the development of resistance 
to chlorinated hydrocarbons in the three rootworm species, the spread of 
the resistant western species across Iowa, and the occurrence of scattered 
fields with significant southem com rootworm damage, have made rootwoms 
a limiting factor in com production. These developments together with the 
inherent shortcomings of insecticides such as cost, residues, and hazards 
of is^roper use have caused workers to look toward other means of control. 
Other control methods which need further investigation are cultural, bio­
logical, and host-plant resistance. 
Increased interest is being shown in the development of resistant 
varieties. Several workers have indicated the possibility of developing 
lines ïâiich have the ability to tolerate relatively high rootworm popula­
tions. This tolerance expresses itself in the inherent size of the root 
system, the ability of the line to recover from damage, and the development 
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rate of the root system daring the period of rootvomi attack. Eootvorm-
tolerant hybrids voiild be most effective when used as an adjunct to present 
chemical and cultural control methods. Such an integrated approach could 
enable the farmer to decrease the amount of insecticide used and increase 
the effectiveness of cultural practices. Subjection of the rootwora pop­
ulation to multiple stresses could conceivably reduce it to a non-economic 
status. 
In evaluating com lines for tolerance to rootvorms it is necessary to 
use methods which will enable workers to select the best lines with a 
minimum of effort. At present there seem to be as many evaluation methods 
as there are individuals working on resistance. There has been no serious 
effort to characterize the inter-relationships between methods, to estab­
lish lAich evaluation criteria are of most value in characterizing the com 
root system, and to standardize methods. is also lacking on the 
relationship between rootworm infestation and grain yield on a per-plant 
basis. The efficiency of the various methods in estimating grain yiùd 
also needs to be determined. The purpose of this investigation was to seek 
answers to the above situations. 
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REVIEW OF LITERATOEE 
Resistance Studies 
The literature dealing liith resistance of com to com rootworms prior 
to 1950 was reviewed by Painter (19$1). The review -riaich follows will in­
clude contributions to our knowledge of resistant strains of com and con­
tributions to the meldiodology of screening for resistance. 
As early as I89L, Forbes observed, "I have seen vigorous and flourish­
ing hills of com badly infested during the wet seasons with no visible 
effect upon their growth, even the larger burrowed roots remaining fresh 
and efficient notwithstanding the injuiy." 
Bigger et al. (19ltl) obtained data on lodging in inbred lines and 
single crosses during a three-year period in Illinois. They used the per­
centage of plants lodged 30° or more (leaning 30° or nore from vertical) as 
their criterion for measuring resistance. Indiana 38-11 was outstanding in 
its resistance to lodging following attack by southern com rootwozms, both 
as an inbred and in lybrid combination. Notes were taken also on the per­
centage of leaves showing adult feeding, and it was observed that leaf 
feeding by adults was less on some inbred lines than others. Resistance 
was shown to be heritable and the only practical method of reducing damage. 
Susceptibility of aai^ commercial hybrids to rootworm attack was 
brought to the attention of Illinois farmers during the wet fall of 19i*l 
(Copper et al., 19b2). The Illinois com performance tests of the same year 
showed some lybrids were resistant to lodging lAich resulted from rootworm 
damage. In these tests any plant lAich leaned 30° or more from the perpen­
dicular was considered as lodged. In west-central Illinois during 1938 and 
h 
191*1, 111. 960 /jBh X Hy) x (701 x 131727 and 111. 206 /XW9 x 38-11) x 
(5120 X L31727 lodged 30.6% and 32.7% respectively, when the overall 
average for the içrbrids in these tests was h3»9%» Tests from east-central 
Illinois during 1938 and 19Ul indicated that Moews-Lowe $lk and 111. 960 
lodged 13»7% and 17.9% respectively when the overall average for this area 
was 32.0%. In central Illinois during 19i|l, Null N-38 and 111, 206 were 
lodged 10.5% and 12.2% respectively when the overall average for this area 
was 23.0%. 
Huber et al. (19U8) stated that hybrids which had in their pedigrees 
inbred lines resistant to southern com rootworms offered by far the best 
control for this insect. The best inbreds according to the Pennsylvania 
hybrid performance tests (I9b3-19L6) were; Ind. 38-11, 111. HY, 1205, 
0sli20, Oh65, and Wis. 23. 
Two types of heritable resistance were hypothesized by Nebraska 
researchers: the tendency of some hybrids to rapidly replace damaged roots 
(tolerance) and the occurrence of substances within the plant tissues 
repulsive to rootworms (antibiosis) (Lonquist and Kiesselbach, 19^8)« 
Melhus et al. (195U) followed the assumption that the logical place to 
search for rootworm resistance would be Central America, as the com in 
this area had been subject to attack by members of the genus Diabrotica for 
over 5000 years. They observed 310 strains of Guatemalan com for rootworm 
resistance. Resistance existing in Guatemalan strains was heritable and 
transmittable in three-way hybrids made on a suceptible U.S. single cross 
(187-2 X L317). 
ELben (1962) undertook an intensive study of root development on seven 
inbred lines (B2, BUi, BI4.2, MIJ4., N6, WF9, and 38-II) and its relationship 
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to the rootworm population. A great variation in the ntmûier of crown roots 
and root-bearing nodes vas observed among lines; the numbers ni thin a given 
line vers quite constant. Data were obtained also on the resistance of 
lines to vertical pull, percentage of damaged roots, secondary-root develop­
ment, leaf feeding, and larval/pupal ratios. Significant correlation was 
found between pounds pull and the number of nodes. It was suggested that 
pulling data might be used in eliminating lines susceptible to lodging. 
Crown roots of nodes six, seven, and eight were preferred as feeding sites 
ly the larvae as was indicated by the distribution of root damage percent­
ages. There was no significant difference in per cent damage among the 
seven lines. Inbreds mU and 38-11 had the greatest ability to develop 
secondary roots in response to rootworm injury. A rating system based on 
nine categories (1-3 light, 7-9 extensive feeding) was used in evaluating 
the seven lines for resistance to leaf feeding by southem-rootworm adults. 
Bli*. had significantly more leaf feeding than the rest of the lines. Com­
paratively low larval/pupal ratios on B2 and îflJt were indicative of no 
adverse effect on rootworm biology. The suggestion was made that these 
lines could be used as known susceptibles in a screening program. Although 
several evaluation methods were used, the efficiency of the various methods 
was not co^ared. 
Fitzgerald and Ortman (1961*) reported on two years of breeding com 
for resistance to the western com rootworm. In 1963 they tested 1$0 in­
bred lines, 107 synthetics of exotic and com belt germ plasm from the 
Pioneer Hi-Bred Seed Com Coiqpany, 70 lines from the Rockefeller program in 
Mexico, 55 plant introductions, 50 South Dakota Plant Pathology lines Wiich 
had been bred for root-rot resistance, and a limited number of commercial 
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single-crosses. In 196U thqr evaluated: several teosinte crosses supplied 
by the Crow %rbrid Seed Com Company) 135 single crosses based on the 
better inbreds from the 19Ô3 tests, and 150 inbreds submitted by breeders 
from the southern United States. The above tests were conducted at several 
locations in South Dakota and western Iowa. Of the inbreds tested, 38 were 
above average in performance in both years and N38A, HD2187, SDIO, CI38B 
and B55 were the five lines with the best average two-year performance. 
There was fairly good agreement in the performance of inbred lines between 
years, and resistant inbreds also performed well in single-cross combina­
tion. The 150 single crosses were divided into three maturity groups 
(early, mid, and late-season) and in general the later-maturily group had a 
hi^er level of resistance than the early-maturing group with the mid-
season group being most susceptible. The performance of the synthetics, 
the Rockefeller material, and the plant introductions was disappointing and 
very few lines were isolated from this material. Several of the Plant 
Pathology inbreds showed some promise as a source of rootworm resistance. 
Evidence of antibiosis was not observed in any of the material and it was 
suggested that resistance or tolerance was the result of; "an inherently 
well-developed root system, ability to regenerate new roots, time of insect 
attack in relation to the developmental stage of the plant, and the envi­
ronmental conditions (especially soil moisture and fertility)." 
larval counts, pounds-pull, row ratings, damage ratings, and ratings 
of root regeneration were used in the evaluation of the lines in these 
tests. How ratings were based on a five-category system where a rating of 
one indicated a row with no seriously damaged plants (25-ft rows) and a 
rating of five indicated a row with most plants heavily damaged and with 
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many lodged or prostrate plants. Damage ratings of washed root systems 
were based on a five-categozy system vhere a rating of one indicated an 
excellent system and a rating of five indicated an unacceptable system from 
the standpoint of rootworm damage. Regeneration ratings were also based 
on a five-category system where a rating of one indicated excellent regrowth 
and a rating of five indicated very poor regrowth, A more detailed dis­
cussion of portions of the above report was given also by Ortman and 
Fitzgerald (1961+) and by Fitzgerald and Ortman (196$). 
Eiben and Peters (1965) evaluated j+l inbred lines under a rootworm 
infestation at two locations in Iowa during 196b. The lines were evaluated 
on the basis of row rating, damage rating, root-size rating, number of dead 
plants in the 13-ft plots, larval counts, pounds of force required to pull 
the root system from the soil, diy weight of crown roots, percentage 
lodging, and total number of crown roots. The row rating considered 
general appearance, lodging, stunting, and the number of dead plants in the 
row in category gradients where 1 indicated no apparent damage and 9 
indicated all plants in the row were dead as a result of rootworm feeding. 
The Iowa damage-rating system, lAiich recognized six categories of damage, 
was used to evaluate the amount of rootworm damage on each root system. 
Root-size ratings were based on a five-category system uhere 1 — indicated 
a small system coBçarable to Â3U, 3 — a systea of average size cozq)arable 
to WF9, and 5 — a large, vigorous system at least as large as ELl;. Cor­
relation coefficients calculated between the various evaluation criteria 
indicated that pounds-pull gave the best indication of response of lines to 
rootworm damage and dry weight gave the best correlations with root 
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characteristics. Inbreds B6U, HD2271 (now B67), and B57 performed well at 
both locations. 
Ortman et al. (196?) evaluated 132 southern com inbreds using pounds-
pull, number of root nodes, number of crown roots on the N-1 node (lAere 
N " total number of root-bearing nodes counting from the root apex), a 
visual rating of extensiveness and symmetry of system, root-angle rating, 
and ratings of secondary-root development. The pulling device was de­
scribed. in detail and consisted of a recording dynamometer, one end of 
which was fastened to the com stalk by means of an electrician's pulling-
sock; the other end of the dynamometer was fastened to a lever which rested 
on a tripod. It was r^orted that a team of three could pull and record 
data for two to three plants per minute. Pulling weight was correlated 
with all other criteria except root angle. Highly significant, positive 
correlations were obtained between visual ratings and root nodes, roots on 
the N-1 node, and pulling weight; root-angle ratings were negatively 
correlated with visual ratings. The study suggested that no single crite­
rion was adequate in describing the root system of a com plant. It also 
indicated that the pulling technique was efficient and useful in obtaining 
quantitative data. 
Boot Development and lodging Studies 
The literature dealing with com root development and factors causing 
lodging is quite extensive. It is reviewed in this paper because these two 
topics are q^te basic to any stuc^r dealing with resistance of com roots 
to rootworms. The emphasis in this review will be placed on the methods 
used. 
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Hickman (188?) examined the root systems of com plants Tinder field 
conditions. Root development was studied during the period from June II4. 
to August 5* The soil was washed from the roots with water, and data were 
taken on root number, node number, root length, and root volume. The root 
volume, as determined by water displacement, ranged from 1«3 ml to 9.0 ml 
during the 8-week period. 
The root systems and leaf areas of com and sorghums were con^ared by 
Miller (1916). He used a modification of the trench method and conse­
quently was quite limited in the number of plants he could examine. Two 
parallel trenches about I8 inches wide and k-$ ft deep were dug on either 
side of the root system being examined. A prism of soil 15-16 inches thick 
was left around the plant. Wire fencing of U inch x 6 inch mesh was placed 
around the prism. From 200-250 short lengths of broom wire were pushed 
through the soil prism. The soil was then washed away leaving the roots in 
their natural position. He found that BlackhuU Kafir and Dwarf Mlo as 
compared to com have about one-half the exposed leaf surface and a root 
system lAich would be twice as effective in absorbing water from the soil 
judging from the number of secondazy roots. 
Holbert and Koehler (1921^) designed a plant-pulling machine for stud­
ying the root system of com inbreds of varying resistance to root rots. A 
definite positive relationship was noted between pulling resistance in 
pounds and the percentage of erect plants, although no correlation coeffi­
cients were confuted. Plants of lines resistant to root rots had an 
average pulling resistance of 208 pounds coBq>ared to 159 pounds for lines 
susceptible to root rot. Soot-rot resistant lines also had more crown 
roots and a greater length of crown roots than susceptible lines. 
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Koehler (192$) examined a ntuaber of inbred strains of com and 
observed great differences in respect to lodging. He fotmd two strains 
which grew to about the same height, but which differed greatly in their 
ability to resist lodging. The root system of the susceptible strain was 
approximately one-half as great as the root system of the resistant strain. 
A portable field-protractor was used for measuring lodging angles. A 
pulling device was used to determine the relative root anchorage of the 
various lines. Plants were also grown in sugar barrels and after two months 
the barrel staves were removed and the soil washed from the roots. The 
roots were then air-dried and weighed. The average dry weight and pulling 
resistance of each line was negatively correlated with lodging percentage. 
Little relationship was noted between lodging percentage and plant height, 
stalk circumference, number of roots, and dry weight of aerial parts. 
Smith and Walworth (1926) studied seminal-root development in several 
open-pollinated com varieties. They observed a great variation in the 
number of seminal roots among the strains studied. Data were presented 
showing a correlation between high seminal-root production and yield of 
crop. Hi^ seminal-root production increased the vigor of early growth of 
some strains. Collins (1927) refuted most of Smith's conclusions in 
regard to seminal roots. By using another statistical method, he showed 
that yield was correlated with low numbers of seminal roots. 
A more extensive study of the relationship between seminal-root 
development and various seed, ear, and plant characters was conducted by 
Hangelsdorf and Goodsell (1929). They found no correlation between the 
number of seminal roots and yield in four out of five tests. Seminal-root 
number was also independent of date of silking, plant height, ear height. 
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number of tillers, and lodging percentage. A slight association between 
the number of seminal roots and the number of plant nodes vas indicated* 
It was concluded that seminal-root number vas of no value in choosing 
productive seed ears. 
Hayes and McClelland (1928) studied the heritability of lodging 
resistance. When parents were quite diverse in resistance to lodging the 
was intermediate; when both parents were low in resistance the 
crosses were low; when both parents were lodging resistant the F^ crosses 
were resistant. The correlation coefficients between three groups of 
inbreds and their F^ crosses were .72, .77, and .65 indicating that 
resistance to lodging was heritable to a considerable extent. 
Wilson (1930) found that among com inbreds the length of the three 
lowest internodes was related to brace-root development and resistance to 
lodging. In no case did the combined length of the three internodes of 
strong strains exceed 82 mm, while in the weak strains the lowest total 
length was llU mm. In every case the stronger strains gave greater 
resistance to vertical pull. It was suggested that the distance between 
the lower internodes might be of use in predicting probable resistance of 
inbred lines to lodging. Data were also collected on number of brace 
roots, nodes, functional roots, secondazy roots, root diameter, root 
length, diameter of lowest intemode and dry wei^t of root clump. 
Hall (I93U) enumerated several factors lAich were of value as indices 
of "the resistance or susceptibility of a com plant to lodging. Included 
among these factors were: stalk height, resistence of root systems to 
vertical pull, length and angle of brace roots; and depth, width, and 
volume of root clunç. For part of the study a machine was designed to 
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lodge plants artificially. This was done during the weeks of July 15 to 
August 1, in years vhen lodging from natural causes was not in evidence, 
A positive correlation between root volume and stalk height was found to 
exist early in the season, but not later. In most cases, the pounds of 
vertical pull required to pull a plant from the soil was correlated signif­
icantly with resistance to lodging. It was concluded that resistance to 
lodging was based on a conçlex of characters and these were inherited 
separately. 
Weihing (1935) studied root development of several open-pollinated 
varieties. Roots of a representative plant of each variety were examined 
using the trench method 2, U, 6, 8, and 12 weeks after planting. Root 
volumes were obtained by water displacement and dry weight of roots was 
determined. 
Kiesselbach and Weihing (1935) studied conçarative root development 
of inbred lines of corn and their and Fg hybrids. Upon hybridization, 
the depth of penetration, spread, length, and diameter of roots increased 
in the first generation, but those of the second generation were inter­
mediate in this respect. It was observed that inbreds differed greatly 
in the number of main roots per plant, number of branches per unit length 
of main root and lateral root spread. 
Spencer (19U0) studied root development in four inbred lines, two 
single-crosses, and one double-cross. Root systems were removed from the 
ground in a cylinder of soil 16 inches in diameter and 10 inches in length. 
This cylinder was then wrapped in burlap and thoroughly soaked in water 
before soil was removed with a fine spray of water. Among the inbreds, it 
seemed that hereditary factors other than time of maturity influenced 
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mpyinrnm dxj weight of crowl roots, but among hybrids maximum dry weight of 
roots increased in order of lateness of maturity. !Die graph of diy weight 
of roots, deteimined at weekly intervals, followed a typical S-shaped 
growth curve. It was concluded, on the basis of this growth curve, that 
the inbred lines and hybrids might be expected to show relatively dif­
ferent degrees of lodging resistance at different stages of growth. Strik­
ing differences were noted among inbred lines in the development of lateral 
roots and in the amount of stimulated lateral growth following insect 
injury. Among the plants studied, about one vhorl of crown roots was 
developed during each week of the first eight or nine weeks of the growing 
season. Within all lines the pounds required to pull a plant vertically 
from the soil correlated closely with dry weight of the roots, but no 
significant correlation was evident between resistance to vertical pull and 
the number of crown roots. 
Fehrenbacher and Alexander (1955) used a Kelly soil-core sampling 
machine for determining the distribution of com roots. Four-inch diameter 
cores were taken to a depth of 6 ft in concentric rings around the com 
plant. Most of the soil was removed from the roots by means of a shaker-
type washer. This method was as effective as the trench method of sampling 
root distribution and. required less labor. 
The response of the com root system to within-row conçetition was 
studied by Haynes and Sayre (1956). It was found, that plants subjected to 
severe within-row conçetition produced roots lôiich extend farther from the 
parent plant than plants not under severe competition from neighboring 
plants. Distances of root extension pezpendicular to the row were obtained 
by direct observation and measurement. A V-shaped trench lO-inches deq> 
lii 
was started in the space between rows and extended toward the row until 
roots were encountered. Radioactive phosphorous and tetrachloroacetic 
acid (TCA, a plant poison) were used to estimate root extension parallel 
to the row. Radiactive phosphorous was applied in the row at a marked 
spot. Leaf samples were then taken at varying distances from a spot and 
tested with a Geiger counter for the presence of radioactive phosphorous. 
One liter of a 10% solution of TCA was poured into a 9-inch slot perpen­
dicular to the row. Fourteen days later the plants were observed for 
synçtoms of poisoning. The latter method was most effective in determining 
root extension parallel to the row. 
Another modification of the trench method was used by Long (1959) in 
studying the roots of seven crops, including com. Blocks of soil were 
removed by means of a steel box 18 x 6 x 8 inches. This box was forced 
into the soil at the trench face with a jack-screw. The soil containing 
the roots was washed in a modified $0-gal steel barrel and the roots oven 
dried at 105 C to a constant moisture. It was found that 69% of the roots 
were in the top 6-inches of soil. 
Misra (1956) suggested that screening for drought resistance selected 
lines with superior root systems. In his study the capacity of any strain 
to develop a root system quite rapidly in the early stages of growth was 
an inçortant feature of drought resistance. 
Fen and Kuleshov (i960) described the methods they used in growing 
com plants in the field using only the seminal-root system. Methods of 
severing other roots without removing the plants from the soil were also 
described. No experimental results were given. 
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Foth et al. (I960) used an early maturing hybrid (Mich. 2$0, 85 day) 
to study the lateral and vertical development of roots through the soil. 
Lateral growth of roots was prominent up to about the 35th day after iriiich 
root growth was more vertical. At maturity there were approximately 1186 
lb of roots per acre. It was found that of root growth, as measured by 
oven-diy weight, occurred during the first 32 days, 76% during the middle 
35 days, and 10$ during the last 31 days of the s angling period. Early in 
the season sangles were obtained by driving metal samplers into the soil to 
a depth of 1 ft. SaBçlers ranging in size from 8 x 12 inches to 12 x 21 
inches were used. Later in the season a pit was dug pezpendicular to the 
row so that a U-inch slice of soil could be obtained directly opposite a 
com plant. 
Foth (1962) divided the growth of 85-day com into 5 stages. Each 
stage was based on a definite degree of development of roots and aerial 
parts of the plant. It was concluded that observation of tops could be 
used as a guide in selecting the time and location to sample roots. If 
the objective of sampling is to determine differences in root density in 
the upper soil layers, saiq)les should be taken a week prior to tasseling. 
One of the shortcomings of lodging indices is their failure to show 
that lodging is often the result to a conçlex of factors. Vaidya et al. 
(1963) developed an index lAich involved the most ii^ortant causative 
factors of lodging and gave a clear indication of lodged and erect plants. 
Their lodging index was confuted from the following formula: 
lodging indeT - plant wt. (g) x Pl^t ht. (cm) 
root wt. Cg) 
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Values below 3000 indicated lodging resistance. A statistically significant 
correlation was observed between lodging and the index. 
Correlations between Com Yield and Morphological 
Characteristics of the Com Plant 
In attençting to establish a relationship between yield and the 
response of a com plant to a rootworm infestation, morphological char­
acteristics of the plant must also be considered. îforphological char­
acteristics, such as the size and extent of the root system, may be a 
factor affecting yield in the absence of rootworms. 
As early as 1921, Etheridge made observations on 2800 plants of Boone 
County White. Correlation coefficients were calculated between the weight 
of shelled com and leaf area above the ear, leaf area below the ear, total 
leaf area, stalk height, number of nodes on the stalk, ear height, circum­
ference of intemode, length of tassel, number of tillers, and days from 
planting to silking. Of the above characteristics, only days from planting 
to silking was significantly correlated with yield. 
Jenkins (1929) determined correlations of selected plant characteris­
tics with yield both within and between inbred lines and lybrids. %lthin 
inbreds, significant positive correlations were obtained between yield and 
plant height, number of ears per plant, ear length, ear diameter, and 
shelling percentage. Significant negative correlations were obtained be­
tween yield and date of silking, shrinkage of harvested ears, and chlo­
rophyll grade. Yield of hybrids was significantly correlated with plant 
height, number of nodes per plant, number of nodes below ear, and yield of 
inbred parents. Positive correlations were obtained between 19 different 
inbred characteristics and the same characters in corresponding hybrids. 
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Martin and Hershey (1935) studied the early differentiation of the 
root and stem of several open-pollinated varieties and one double-cross 
hybrid. Although this study did not deal directly with yield effects, it 
was pertinent to the extent of development of the root system, and this may 
be related to yield. Positive correlations were obtained between the 
number and size of roots in a iriiorl and the diameter of the node from which 
these roots arise. The number of vascular bundles was also correlated with 
the diameter of the stem. It was suggested that a com plant with an 
undersized stem suffers reduction in its conductive capacity because of a 
reduction in the number and size of its vascular bundles. An nodes, 
leaves, axillary buds, tassel, 5 whorls of peimanent roots, and 90% of the 
vascular bundles were formed during the first 30-U0 days after planting. 
On this basis, it was suggested that the maximum possible harvest of a com 
crop is determined during this formative period. 
The influence of spacing on the yield and development of Reid's Yellow 
Dent was studied by Bair (1937) during the dry summers of 193U and 1936. 
Five different plant spacings were used ranging from single-plant hills 
^aced at 30-iuch intervals to four-plant hills spaced at li2-inch intervals. 
Yields ranged from 1*8.9 bu/acre for the single-plant hills ^ aced 30-inches 
açjart down to 32 bu/acre for the l;-plant hills spaced lt2-inches apart. 
The average yield in pounds per plant showed a "reasonably good corre­
spondence" with stalk diameter. Boot systems of plants in single h-i n p 
spaced 30-inches apart attained a greater lateral and vertical development 
than roots of any other spacing. 
Keller (191*2) evaluated several morphological characteristics of com 
in respect to their use in forecasting yield. The study was conducted in 
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Nebraska, Illinois, Iowa, and Ohio and involved five hybrids (Ia939, USWt, 
Rli X Hy, WF9 x 38-11, and L317 x 187-2) and three open-pollinated varieties 
(Reid's Yellow Dent, Black's Yellow Dent, and Krug). Data were collected 
3 weeks after $0% of plants were silked. Ligule height (distance from soil 
surface to uppermost ligule), ear size, and ear number were correlated with 
yield. Significant correlations were obtained between leaf height (distance 
from soil surface to uppermost leaf) and ligule height. Dry-weight in­
crease up to flowering was significantly coirelated with plant-height 
increase. 
Shaw and Loomis (1950) measured stalk height, stalk diameter, and ear 
size on 15 different tqrbrids in an attençt of find accurate vegetative 
means of predicting yields. In 19iA and 19^2 correlations between stalk 
height and yield were r " .79 and r - .76 respectively. Stalk diameter 
gave the poorest correlation with yield of any of the vegetative measure­
ments. À significant positive correlation (r « .9U) was observed between 
ear size three weeks after silking and ear size at harvest. 
The vegetative growth of com as affected by population density was 
studied in California by V&Uiams et al. (1965). DeKalb 8o5 (a single-
cross hybrid) was planted on May 23 at populations ranging from 2700 to 
283,000 plants per acre. The main objective of the stud^ was to determine 
the relationship of productivity to the interception of solar radiation. 
Of interest to this study was their observation that, on a given sampling 
date, the root ^stem co^osed a relatively constant percentage of the 
total dry weight of the plant, regardless ef plant population. 
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MATERIALS AND METHODS 
E^eriment Conçaring Methods 
Eleven methods of evaluating lines for resistance to com rootvorms 
were studied in 1965 and 1966, The eapeilaent involved 1;9 Com Belt 
inbreds with a broad spectrum of root characteristics. The k9 lines were 
planted at Dî^on, and Sanbom, Iowa, on May 20, 1965, and 1966, in four 
replications of a 7 x 7 balanced lattice design. Two seeds were planted 
every ten inches in the 13.3-ft single-row plots; row spacing was kO-
inches. On June 21 and June 23 each plot was thinned to 17 plants. 
In 1965 the population of rootworm larvae was less than one per plant 
based on a l^O-plant saiig)le at each of the two locations. There was evidence 
in 1965 of much higher populations in small areas of the Sanbom e^qperi-
ment. On July 12, 1966, there was a population of 30 total forms per plant 
(larvae, pupae, and adults in the soil) at Sanbom based on a 72 plant 
sample in an area insaediately adjacent to the e^çeriment. At Dayton on 
July 8, 1966, there were lit larvae per plant based on counts from nine 
plants. 
Climatologieal data for the two locations were summarized by Tables 1 
and 2. Monthly precipitation and tençeratures were quite similar at the 
two locations in 1965* In 1966 the plants at Dayton were under much 
greater stress because of below-average precipitation and above-average 
tençeratures during July. 
Eight plants (two per replication) of each line were selected at ran­
dom and removed froK the plots at Sanbom on June 23 in both years. The 
same noaber of plants irere removed from the Dayton plots on June 21, 1965, 
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Table 1. Average rainfall (inches) at Dggrton and Sanbom daring the 
growing seasons of 1965 and 1966 
May Jtme July August 
Actual Average^ Actual Average Actual Average Actual Average 
1965 
Dayton 
Sanbom 
7.06% 
5.52 
3.82 
3.&k 
3.98 
3.85 
5.07 
k.73 
1.39 
i.ia 
3.52 
3.67 
k.85 
2,kO 
3.69 
3.81 
1966 
Dayton 
Sanbom 
5.32 
2.0U 
3.82 
3.81i 
5.60 
3.23 
5.07 
a.73 
1.66 
2.56 
3.52 
3.67 
2.58 
3.73 
3.69 
3.81 
^Average from 1931 to I960 at respective stations. 
^Indicates rainfall at Fort Dodge, Iowa, the nearest weather station. 
Table 2. Average monthly temperatures at Dayton and Sanbom daring the 
growing seasons of 1965 and 1966 (op) 
May June July August 
Actual Average* Actual Average Actual Average Actual Average 
1965 
Dayton 6^.2% 
Sanbom 62.L 
60.1 
58.8 
69.3 
69.0 
69.9 
68.3 
73.8 
72.0 
7b. 7 
73.5 
70.3 
69.6 
72.5 
71.3 
1966 
Dayton 56.6 
Sanbom 56.7 
60.1 
58.8 
69.8 
69.0 
69.9 
68.3 
77.1 
76.0 
7k.7 
73.5 
69.lt 
67.7 
72.5 
71.3 
^Average from 1931 to I960 at re^ective stations. 
^Average teiiQ)eratare at Fort Dodge, Iowa, the nearest weather station. 
and June 29, 1966. A Dennison W manilla-tag containing pertinent experi­
ment, replication, and row information was affixed to the base of each 
plant by means of a no. 3 hog ring (Figure 1). The root systems were 
washed (Figure 2) and the crown roots of each system were counted ty nodes 
Figure 1. Method of affixing manilla tag to base of com plant in 
order to identify root systems 
Figure 2. Method of washing root systems prior to evaluating root 
characteristics 
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and this information vas recorded on the corresponding tag* The number of 
roots shoving evidence of rootvorm feeding vas also recorded by nodes* 
In 1965 eight randomly-selected root systems of each line vere again 
removed from the Dayton and Sanborn plots on July 11; and July 22, respec­
tively. In 1966 the Dayton plot vas sailed on July 19 and the Sanborn 
plot on July 13. The plants vere tagged as described previously and a 
spade) vith a blade 7-inches vide, vas used to remove each ^stem from the 
soil (Figure 3)* Consequently, the root system vas standardized to the 
volume of crovn roots in a 7-inch cube of soil around the plant. 
After the root systems vere vashed, they vere evaluated on the basis 
of the folloving quantitative and qualitative criteria. All data vere 
recorded on the corresponding manilla tag* The qualitative methods used 
in evaluating each root system vere ratings of rootvorm damage, system 
size, root angle, and the amount of secondary-root development. 
The six categories used in evaluating rootvorm damage vere as foUovs 
(see Figure U): 1 — root systems shoving no visible damage or vith a fev 
minor feeding scars; 2 — some roots of the qrstem vith feeding scars bat 
vith no roots eaten off to vithin 1^ inches of the plant, or vith one to 
tvo shortened roots if the rest of the qrstem vas relatively free of dam­
age; 3 — several roots eaten off to vithin 1§ inches of the plant, but 
never the equivalent of an entire node of roots destroyed; k — one node of 
roots or the equivalent co]q>letely destroyed; 5 — tvo nodes of roots com­
pletely destroyed; 6 — three or more nodes of roots conqpletely destroyed. 
Size ratings vere a value judgment of the size of a root qrstem in 
coiçarison vith the other lines in the e^qperiment. Roots representative 
of each category were selected prior to rating an experiment, and the rest 
Figure 3. Method of removing the root system from the soil with a 
spade 7-inches wide 
Figure li. Categories of damage rating scale 
D A / M C E  
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of the ez^eriment was rated by conçarlng each system with the standards. 
If significant rootvorm damage vas present this tended to reduce the size 
rating. The relationship between a size rating and its equivalent in terms 
of pounds pu 1.1, root volume, and dry veight are summarized by Tables 26, 
kit and li8. The six categories used for each size rating (Figure 5) were 
as foUovs: 1 — an extremely small root system usually in the range of 
A3U and often root lodged in the absence of a rootvorm infestation; 2 — 
a system larger than a one but still not large enough to enable the line 
to stand well under noimal circumstances ; 3 — an average sized system 
cong)arable to W9; b -- & system larger than a three lAiich stands well under 
normal circumstances or slight stresses; 5 — an extremely large, vigorous 
system lAich is at least as large as Bli; and 38-11; 6 — an outstanding 
system larger than a five. 
The rating of secondary-root development was based on the following 
one-to-five scale (Figure 6): 1 -- a system in which there is no develop­
ment of secondary roots; 2 — a system in which a small amount of secondary 
root growth is evident; 3 -- * system showing an amount of secondary root 
development comparable to and one in which the crown roots separate 
quite easily when cut from the crown; k — above average development of 
secondary roots but development not as profuse as in category five; 5 — 
extremely profuse growth of secondary roots, soil is difficult to remove 
during washing, and crown roots of the upper nodes very difficult to 
separate i6en cut from the plant. A few exceptional systems were rated 
as 6's in comparison to the other systems from the same site and date. 
Boot-angle ratings were an estimate of the angle the crown roots make 
with the crown of the plant (Figure 7)* The upper two to three nodes of 
Figure 5. Categories of size-rating scale (note identifying MANILLA 
tag attached to crown of plant) 
Figure 6. Categories of secondary-root rating scale 
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crow roots had a greater influence on this rating than the roots of the 
lower nodes. This criterion was difficult to evaluate when the plants were 
badly lodged. The five categories were as follows: 1 — upper two-to-
three nodes of crown roots nearly parallel with the soil surface or approx­
imately at a 90® angle with the crown of the plant; 2 — upper crown roots 
at an angle of approximately 23° from the soil surface or 67° from the 
crown of the plant; 3 — upper crown roots at a angle with the soil 
surface and the crown of the plant; 1; — upper crown roots at an angle of 
approximately 68° with the surface or 22° from the crown of plant; 5 — 
upper crown roots almost perpendicular to soil surface or almost parallel 
with the croun of plant. 
Several quantitative methods were also evaluated. The total number of 
crown roots, total number of root-bearing nodes, and per cent-damaged roots 
were determined using the methods described tqr Eiben (1962). The washed 
crown roots were cut from the plant and arranged by nodes on a table. The 
roots were counted and the total number of roots on each node was recorded 
on the Manilla tag. Any crown root 1^ inches long lAich contacted the soil 
was counted as a root. The number of roots showing external evidence of 
rootworm feeding was also recorded by nodes. Damage percentage was com­
puted from the preceding counts (number of crown roots of each system 
showing rootworm feeding/total number of crown roots) x 100. 
Root volume was determined using the device shown in Figure 8. The 
pipette washer and glass cylinder were connected by the water column in the 
rubber tubing. Axsy change in the water level in the pipette washer pro­
duced an equivalent change in the water level in the glass cylinder, A 
change in the water level of the glass cylinder was transmitted by means 
Figure 7« Categories of root-angle rating 
Figure 8. Device used to determine root volume by means of water 
displacement 
Figure 9» Method of fastening roots together for oven-drying 
/. ^ ! r 
I, 
; , '; •• ^'r^: •^•;i>., 
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of the float to the lever of glass tubing which magnified the volume 
change. The volume change could then be estimated from the distance the 
pointer moved on the millimeter-scale located just to the ri^t of the 
glass tubing. The volumetric device was calibrated by pouring a known 
volume of water into the pipette washer. These calibrations indicated that 
6 ml of water added to the pipette washer caused a 1 mm movement of the 
pointer. The roots of each system were placed in the holding chamber and 
the roots submerged. The movement of the pointer resulting from the water 
displaced by the roots was recorded. 
Each group of roots was then wrapped in its corresponding tag as shown 
in Figure 9. The roots were then held in a drying oven for 36-i;8 hours at 
65-75 C and then were weighed to the nearest 0.1 g. 
Sixteen randomly-selected root systems of each line were removed from 
the Sanborn and Dayton plots on August 12 and September 2, 1965, respec­
tively. In 1966 the Dayton plot was sançled on August I6 and the Sanborn 
plot on August 11. Each plant was tagged prior to removal from the soil as 
described previously. In 1965 eight plants (two per replication) of each 
line were dug using a modified turf-patcher with an eight-inch diameter 
(Figure 10). This device was used to obtain a sample of a defined volume 
as compared to possible variations with spade-dug samples. In 1966 the 
first eight plants were removed with the spade as described for July. 
At both locations in 1965 and 1966, the other eight plants were pulled 
using an apparatus similar to that described by Ortman et al. (1967). The 
apparatus was shown in Figure 11 and consisted of a lever resting on an 
upright of steel pipe which served as à fulcrum. A recording dynamometer 
with a 1000-lb cfqpacity was fastened to one end of the lever and an 
Figure 10. Modified turf-patcher used in digging plants during 
August of 196$ 
Figure 11. Device used in measuring pounds of force required to 
pull a root system from the soil 
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electrician's piilling sock was attached to the dynamometer. The pulling 
sock, which tightened nàien pressure was applied, was placed over the com 
stmnp. Pressure was applied to the lever and the pounds required to remove 
the system from the soil were recorded. At Sanborn in 1966 the plants were 
pulled using a jOO-pound-capacity dairy scales instead of the recording 
dynamometer described above. Severity of damage was such that plants could 
be pulled easily and readings were obtained by direct pull instead of using 
the lever and upright described above. The root systems were then brought 
back to the Insectary at Ames where th^r were washed and all qualitative 
and quantitative data were recorded as described for the roots dug in mid-
July. 
Lodging data were obtained at both locations in August of 1966 and 
were expressed as the percentage of plants in each plot leaning more than 
30° at the base (locking percentage « number plants leaning 30° or more/ 
total number of plants in plot x 100). There was insufficient lodging in 
1965 to justify stand and lodging counts. 
The experiments were analyzed statistically as a randomized-block 
design involving li9 varieties in four replications at two different 
locations. Data from each year were analyzed separately and combined vhere 
appropriate. The expected mean squares are given in Table 3* 
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Table 3. Cong^onent analysis of a four factor experiment, mixed model, 
C and D fixed effects, A and B random effects. Randomized-
block design 
Due to 
Degrees 
of 
freedom 
Expected mean square 
Locations (A) 
Reps (B)/locations 
Lines (C) 
Sanqpling dates (D) 
AC 
AD 
CD 
ACD 
Error 
Saiiq>ling error 
a-1 
2(b-l) 
c-1 
d-1 
(a-1)(c-1) 
(a-1)(d-1) 
(c-l)(d-l) 
(a-1)(c-1)(d-1) 
2 2 
o" + rcdor y + rcd<r 
B/A 
<r 2 * rcdo-j2^ 
A 
O" 
O" 
^ + rdo^g + rado-^2 
2 2 2 
+ rco^ + raco^ 
C 
9 O 
a- * rdo^Q 
2 2 O- • rco^ 
* "MB * '•®°CD 
2 2 + %
The appropriate model is: 
* * ®i3klj. 
In 1966: i«2 (loc.), j-it (reps.)» k«1^9 (lines), 1«3 (dates), m-2 (sauries/ 
replications) 
In 1965: As above except k-W (lines) due to poor germination of W32. 
Error " BD + ABD + BCD + ABCD 
37 
The appropriate F-tests were: 
(a) ACD interaction was tested against error mean square 
(b) CD interaction vas tested against ACD interaction 
0-2 + raogg + rvJjj / O" 2 + 
(c) AD interaction vas tested against error 
o" 2 + rco^ / G" 2 
(d) AC interaction vas tested against error 
o" 2 + rdo^0 / o" 2 
(e) Saaçling dates (D) vere tested against AD interaction 
2 2 2 / 2 2 
o- + rco-^ + racojj / o" + rco^ 
(f) Varieties (C) vere tested against AC interaction 
2 2 2 /9 2 
o- + rdo^g + rado^ / r + rdo^^ 
(g) Replications (B)/locations vere tested against error 
2  2 / 9  
cr + rcdo^y^ / o" 
(h) Locations (A) vere tested against replications (B)/locations 
2 2 2 / P o 
o" + rcdOgy^ + rcdo^ / o" + rcd(^^ 
Experiment Relating Selected itethods to Yield 
Six single-cross hybrids (Pioneer 3715, Pioneer 3558, DeKalb XLU5, 
Bli& X N6, W9 X XUt, and SDIO x BlU) vere planted in four replications of 
a randomized-block design at Sanborn^ Nevell, Prairie City, and Marengo, 
lova. Locations vere selected on the basis of spring egg-counts. One seed 
was planted every 10 inches in the 66-foot single-rov plots. This gave a 
theoretical plant-population of 77 plants per plot or approximately 15,682 
plants per acre. 
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The Sanborn plots, -which had been planted on May 20, were chosen to 
study adult emergence. This decision was based on a population of two 
larvae per plant on July 1 at Sanborn and an indication of even lower 
counts at the other three sites. A Saran-screen cage with a Velcro fas­
tener was used to trap the beetles emerging around the individual plants 
(Figure 12). The base to idiich the screen was attached was a l;8-inch long 
piece of 28-gauge galvanized steel it-inches wide vblch. had been bent and 
riveted into a 12-inch square. The upper portion of the piece of steel was 
rolled into a lip lAich received the edge of the Saran screen. A piece of 
3/l6-ineh plastic clothesline was placed into the lip and this served to 
fasten the cage securely to the metal base. The metal base was forced into 
the soil to a depth of about 2 inches and the portion of the fastener next 
to the plant was secured with a clothes pin. Twelve (3 per replication) 
cages were placed around selected plants on July 12. On July 12 the number 
of larvae, pupae, and adults in a 7-inch cube of soil around the second 
plant to the south of each emergence cage was determined. Each root system 
was evaluated using all qualitative and quantitative methods mentioned in 
the preceding section. The number of adults of each species in each cage 
was counted at regular intervals from July 15 to September 12. Each adult 
was removed from the cage as it was counted. 
On September 29 the ears were harvested from the three caged-plants 
and 22 other plants in each plot (total of 100 plants per line). Two 
Dennison manilla-tags were used in identifying each plant. One tag was 
fastened to the ear with a Hodgman no. 18 rubber band and the other tag was 
fastened to the corresponding root system with a no. 3 hog ring. The root 
systems were dug from the soil ueing the seven-inch spade described 
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âiran screen 
Velcro fastener 
Soil level 
zaran screen 
3/16 in^ plastic clothesline 
Ifetal base 
tfethod of fastening 
screen to metal base 
H.gure 12• Emergence cage of type used in yield experiment (Scale: 1 inch 
= 4 inches) 
liO 
previously, washed, and rated for rootwoxm damage, root size, secondary 
roots, and root angle. In addition to the damage rating system described 
on p. 23, all root systems were also rated using a modified version of this 
system. %th the modified rating system, all categories were the same as 
with the original system except any root chewed to within 2^ inches of the 
plant was considered as severely chewed. All root systems were also rated 
for their ability to recover from rootworm damage using a six-category 
system. The six recoveiy-rating categories were: 0 — no apparent 
recovery; 1 — few (i|.-6) roots on top node showing regrowthj 2 — top ring 
of roots showing some growth or development of secondary roots on slightly 
injured crown roots j 3 — good development of secondary roots and one 
complete node of regrowth; U — regrowth on more than one node and good 
secondary root development; $ — a "value judgment" of recovery excellence. 
The ears were placed in glassine shoot-bags to prevent the loss of kernels 
during drying and oven-dried for US hours at approximately 100 C. The dry 
ears were then weighed and the weight recorded, to the nearest gram, on 
the manilla tag. 
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RESULTS AND DISCUSSION 
Quantitative Methods 
Root number 
The major functions of the root system of any plant are to give 
anchorage and support and to supply water and nutrients to the growing 
plant. A rootworm infestation will often inhibit the root system's ability 
to perform these major functions. Consequently, estimates of the total 
roots on an inbred line of com should give some indication of the line's 
ability to tolerate a rootworm infestation. 
Early root development Early root development was of interest from 
the standpoint of knowing how many roots were present on a line at the time 
the larvae were beginning to feed. The average number of crown roots per 
line approximately one month after planting was summarized in Table it# 
Results indicated that HD2286, B55, HD2187, Blli, and 120$ were in the top 
group in three out of the four experiments. Reference to Table 8 indi­
cated that HD22B6, B55> and HD2187 were also consistently near the top in 
root numbers at mid-season and maturity. Only two lines, N6D and ND330, 
were consistently near the bottom in terms of early root development. 
Analyses of variance of early root development for the individual ex­
periments were summarized in Table 5« In all experiments there were sig­
nificant differences due to lines. The significant differences in r^li-
cations at this early stage of development was difficult to explain, bat 
may have reflected differences in germination and growth caused by non­
uniform depth of planting, uneven distribution of soil moisture, or 
inability of the seedling to break through the soil crust in certain areas 
k2 
Table U. Average number of crown roots per line at approximately one 
month after planting 
Dayton Sanborn 
Pedigree Jiuie 21, 1965 June 29, 1966 June 23, 1965 June 23, 1966 
A257 12 20 17 I8s 
HD2286 l5sa 22s 19s 17s 
0h07B 9 18 13 17s 
B55 13s 19 20s 17s 
Oh56ATRF 12 19 16 17s 
ND385 13s 20 16 17s 
HD2187 lUs 2Us 17 16s 
Bill lUs 23s 20s 16s 
1205 13s 22s 16 16s 
A251 12 22s lU 16s 
A556 12 20 16 16s 
NDii05 12 18 Ik 16s 
A632 13s 20 17 16s 
B67 12 20 15 15 
RIO5 12 18 13 15 
CI21E 11 21 16 15 
H5l 9 19 15 15 
H19 11 20 13 15 
A509 9 20 15 15 
SDIO 10 20 lit li; 
Bid. 9 22s 16 Ih 
38-11 11 16 lit 
A632 12 20 __b lit 
N6 6x° 17 15 lit 
A297 11 20 16 lit 
^Within a given sançling date means followed by an s were not signifi­
cantly different from the best line in the test on that date (.05 level 
Duncan's New Multiple Range Test)» 
^Poor germination; remaining plants were saved for July and August 
sanqpling. 
®ie.thin a given sançling date means followed by an x were not signifi­
cantly better than the poorest line in the test on that date (.05 level 
Duncan's Kew Multiple Range Test), 
Table U (Continued) 
k3 
Dayton Sanbom 
June 21, 1965 June 29, 1966 June 23, 196$ June 23, 1966 
Oh29 11 18 12x lit 
W32'^ — —  21 — —  lit 
ML82B 11 18 lit lit 
Aia? 12 19 15 lit 
A3lt 10 18 lit lit 
M0I7 11 18 16 13 
W22 9 16 llx 13 
A629 7 18 e 13 
M0I3 10 12x 13 13 
ND363 llts 19 12x 13 
A239 9 17 13 12x 
W9 10 19 15 12x 
A295 8 15 12x 12x 
AivOl 11 16 12z 12x 
Oh^lA 10 17 lit 12x 
B6U 10 16 13 12x 
CI3IA 10 16 13 llx 
H71 8 15 llx llx 
N6D hx. 13x lOx llx 
A575 9 18 lit llx 
ND330 8 line lOx lOx 
A265 8 16 12x lOx 
C123 9 15 13 lOx 
B2f 15 lOx 
Penn. Late Syn, 7 — 15 —— 
Mean^ 10.5 18.3 lit.it 13.9 
Standard error .85 .90 .80 .71 
'VjS failed to germinate in 1965. 
®Poor germination; remaining plants were saved for July and August 
sampling. 
f 
B2 was substituted for Pennsylvania late synthetic in 1966. 
S1965 means based on 38U plants (8/line); 1966 means based on 392 
plants (8/line). 
là 
Table 5» Analysis of variance of average root number approximately one 
month after planting 
1965 
Dayton 
Sanborn 
1966 
1965 
1966 
Degrees 
of Mean^ Standard. 
Due to freedom squares error 
Lines li7 36.96 
Replications 3 23.33 
Error 333 5.8U .853 
Total 383 
Lines ks 56.58 
Replications 3 37.00 
Error 3W 6.la .895 
Total 391 
Lines U3.01 
Replications 3 8.00* 
Error 319 5.10 .798 
Total 367 
Lines 48 36.77 
Replications 3 U.67ns 
Error 3W U.03 .710 
Total 391 
indicates significance at .05 level; ns indicates non-significance; 
all other mean squares significant at .01 level. 
of the plot. It was reassuring that there was not a great range in the 
magnitude of the standard errors over years and sites. These standard 
errors were used in computing the significant ranges of Table it. Table 6 
is a combined analysis which considers variations in early root number 
caused by years, lines, locations, and the interactions among these factors. 
There was no significant difference in locations summed over years* A 
difference of one week in the date of sampl ing at Dayton_between the two 
years resulted in high root counts in 1966 and low root counts in 1965. 
Table 6, Analysis of variance of average root number approximately one 
month after planting 
Degrees Sums 
Due to of of Mean 
freedom squares squares 
Experiments (3) (111U8) 
Locations 1 it? • U7.00 
Years 1 l;9lti+ U9mt.00** 
Locations x years 1 6157 6157.00** 
Error a 12 205 17.08 
Lines kk 5899 13U.07^ 
Lines x locations hh 552 12.5ii** 
Lines x years kh 383 8.70* 
Lines x locations x years hk 819 18.61** 
Error b III48 6675 5.81 
Total 1339 25681 
significant at .01 level, 
^significant at .05 level. 
This resulted in a mean for the two years for Dayton (llt.3 roots) idiich 
was quite close to the mean for the two years at Sanborn (lU.2 roots). The 
differences in early crown-root development between years (1965, 12.1i 
roots; 1966, 16,1 roots) and between locations x years was highly signifi­
cant (.01 level). These significant differences can most likely be attri­
buted to the high root counts at Dayton in 1966 associated with the later 
sampling date. The inbreds in this study did differ significantly in early 
root development as indicated by the significant mean square for lines 
(.01 level). The significant lines x locations interaction indicated that 
certain lines produced more roots at one location than at the other as 
explained above. !Die fact that the mean square for lines exceeded the mean 
square for the lines x locations interaction indicated that some lines were 
consistently superior in root number regardless of location. The signifi­
cant lines X years interaction (.05 level) indicated that individual lines, 
averaged over locations, had a better early root development in one year 
than the other. Without exception (summing over locations), every line had 
produced more roots by the time of sançling in 1966, The three-way inter­
action (lines X locations x years) was also significant (,01 level) possibly 
indicated that the lines x years interaction was different at the two 
locations. 
Root number at mid-season and maturity The number of crown roots 
per line was determined at mid-season and at maturity for both sites and 
years. Mid-season root development is inçortant from the standpoint of the 
number of roots present to carry a line through the peak of the rootwona 
infestation. The number of roots present at maturity gives an indication 
of the ability of the root system of a line to perform its major functions. 
Comparison of total roots at maturity with the total number of roots at 
mid-season should also give some indication of a lines ability to recover 
following a rootworm infestation. 
Data in Table 7 indicated that five lines (HD2286, N6, SDIO, HD2187, 
and a556) were consistently in the top ten lines with respect to root num­
bers. The root systems of N6 and A556 were not large systems Wien measured 
by dry weight, volume, and root size rating (see Tables li»., 15, and U3). 
Conversely, certain lines such as B67, A265, Blk, and H71 have quite lar^ge 
root systems as measured by these three criteria bat were average or below 
average in root number. This indicated that root number did not always 
give the best indication of the size and extent of a root system. ND330, 
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Table 7. Average number of crown roots per line at mid-season and maturity 
during 196$ and 1966 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
ll;/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
HD2286 56t^ 6h 57 61 66 s 76t 86s 
N6 ii6s 57t Iht 58 71s 62s 8ls 83s 
SDIO li7s 71s 78s 66 s 63t 62s 71 83s 
B55 50s kh 52 ii6 62 52 66 8ls 
HD2187 48 s 55t 72b 68 s 68 s 66s 8Us 8ls 
RI05 L5s hS 57 hS 63t 51i 7lt 78 
H71 36 i;2x= 58 h6 60 56 67 77 
A556 k9s 60t 8ls 59 72s 59 83s 77 
C121E+ la 52t 58 56 6Ut 62 s 68 77 
H51 39 53t 53 U8 59 63 s 65 7li 
M0I3 3h iiOx là 39x 52 hQ 57 71 
A251 38 52t 57 53 60 56 63 71 
CI3IA+ 36 iiOx 53 U7 62 5it 67 69 
N6D 26x 3i»x ïiLx 36x 51 li8 52 69 
W32^ - 53t - 63s - 58 - 69 
HI9 38 h3 hh li2x 55 55 57 69 
Bia U6s 52t 68 52 68 s 50 73 68 
Aiil7 kSs 50 55 62s 56 56 61 68 
0H51A 36 39x 57 ItOx 53 53 53 67 
W22 39 iiOx 53 U9 53 12 63 67 
B67 la hi 55 52 63t 52 67 67 
A257 Wis 5Ut 6h 59 60 51 69 66 
Oh56ATRF 39 hi h9 li9 55 52 56 66 
0h07B 33% hi h9 ijpc 51 50 56 65 
AiiOl 36 50 l|Ox li2x 56 50 6ii 65 
%eans followed by s were not significantly different from the best 
line in the test. 
^eans followed by t were not significantly different from the second 
best line in the test. 
°Means followed by x were not significantly different from the poorest 
line in the test. 
%32 failed to genninate in 1965. 
"^Here and after C121E - CI21E and C131A = CI3IA. 
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Table 7 (Continued) 
July August 
Pedigree Dayton Sanbom Dayton Sanbom 
ll;/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
A297 U9s 53t 61* 58 57 52 62 62 
ND363 li2s 53t 5h 55 52 51* 55 61 
A265 35 ii5 58 1*3% 56 52 61 61 
Oh29 32x 39x h3x l*lpc 52 52 1*8% 61 
NDlt05 36 hh 55 51 51* 1*9 60 61 
%L82B 37 hOx. 51 1*8 52 1*1* 57 60 
B2® - 36% - 35% - 1*8 60 
Bill lj.6s hS Ii9 1*7 60 51 66 60 
38-11 35 39% 1*6 1*3% 1*7% 1*8 50 58 
A632 ho li8 1*7 1*8 53 1*9 59 56 
A509 hi hh 50 50 1*7% 1*2 53 56 
A3U 35 hh 1*7 51* 1*1*% 1*9 1*8% 56 
A295 29% 3hx. lilx 37% 50 1*5 1*9 53 
A239 37 39x 1*9 39% 1*5% a 1*9 51 
WF9 3li h2x 1*9 38% 1*5% 1*3 50 51 
ND330 3U 38X 51 1*1*% 1*5% 39% 50 50% 
1205 hi W 53 h$ 1*7% 1*0% 56 50% 
M0I7 3h 39x 1*6 1*1% 1*6% 1*1* 1*6% 50% 
CI23 30x hOx 37% 1*0% 1*2% 1*2 1*6% 1*9% 
A632 38 W 1*9 1*3% 1*7% 1*3 55 1*9% 
ND385 38 36x 1*6 1*6 1*1*% 1*1 53 l*8x 
B6k 3h 33% 37% 3hx 1*5% 1*0% 1*2% 1*5% 
A575 33f ii5 1*3% 10% 1*2% 1*1* 1*3% 1*1*% 
A629 33% 37% 1*3% 1*0% 1*1*% 31*% 1*6% l*li% 
Pa. L. Syn. 2hx - 62 - 50 - 71 -
f 
Mean 38.lt U5.5 53.0 1*7.8 51*. 2 50.1 59.3 62.9 
2.50 2.78 2.50 2.78 1.77 1.96 1.77 1.9< 
®B2 was substituted for Pennsylvania late synthetic in 1966. 
^July 1965 mean based on 3% plants (B/line), July I966 mean based on 
392 plants (8/line)j August 1965 means based on 768 plants (l6/line), 
August 1966 means based on 781* plants (l6/line). 
^Standard error of inbred means. 
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CI23, A629, A575, and B6U were consistently in the lowest group in terms 
of root number. Interestingly, B61t is a line that has been consistently 
low in damage rating and damage percentage. 
SDIO is a line that has consistently perfozmed well under rootworm 
infestation. A cooçarison of mid-June root counts with mid-July root counts 
(Tables k and 7) indicated that for the four experiments SDIO grew 37» 51, 
6U, and $2 crown roots (ave. $1.0) during the critical period from mid-June 
to mid-July. This conçares with an average of U8.2 roots for N6 the next 
best line from this standpoint and an average of 37.0 roots for HD2286 and 
26.7 roots for W9 for the same period. This indicated that the ability to 
grow roots qtdte rapidly during this critical period may be an inçortant 
factor in SDIO's tolerance to rootworm infestation. 
Analysis of variance of root number for 1965 and I966 was summarized 
in Table 8. More roots were produced at Sanborn (58.2 in 1966, 57«5 in 
1965) than at Dayton (U8.6 in 1966 and k8«9 in 1965) for both years, and 
the mean squares for locations indicated that these differences were sig­
nificant (.01 lev^). In 1965 the difference in root number between the 
two sites was most likely the result of differences in agronomic practices. 
The Sanborn plots were cultivated in 1965 and soil moved against the plants, 
but the Dayton plots were hand-hoed and no appreciable amount of soil was 
moved against the plants. The difference in root number between the two 
sites was probably caused by the inabili^ of the roots of the upper node 
to develop in the absence of soil moisture. In 1966 fewer roots were pro­
duced at Dayton, probably as a direct result of the drou^t conditions at 
that site throughout the growing season. 
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Table 8. Analysis of variance of root number for 1965 and 1966 
Due to 
Degrees of freedom 
1966 1965 
Mean 
1966 
square 
1965 
Locations (A) 1 1 5k299.6** 1;251;7.6** 
Reps (B)/locations 6 6 W8.0** 23.2 
lines (C)* ks k7 3071.1;** 3286.3** 
Sampling dates (D) 2 2 27021;. 2 32792.3 
CD 96 9h 273.8** 162.1;** 
AC k8 h7 22L.9** 281;.l;** 
AD 2 2 8021.2** 5161;.7** 
ACD 96 91; 113.1** 83.3** 
Error 876 858 61.8 50.0 
Sançling error 1176 1152 47.2 51.8 
Total 
^^significant at the .01 level. 
^966 data based on U9 inbred lines; 1965 data based on US inbred 
lines due to poor germination of V32, 
The significant variance in root number attributed to the effect of 
replications/locations may have, in part, reflected differences in root 
number at the two locations in 1966. The variation caused by the effect of 
replications/locations was significant for many of the criteria which were 
evaluated in this stu^y. The lack of uniformity data on rootworm distri­
bution made it difficult to minimize this effect when evaluating the 
response of com lines to a rootworm infestation. Consequently, the sig­
nificant variation caused by the effect of replications/locations most 
likely reflected a lack of uniformity in the distribution of the rootworm 
infestation, in soil conditions, and in weather conditions. 
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Lines did differ significantly in the average number of roots produced 
in both years. The lack of significant variation in root number caused by 
sampling dates can be attributed to the large mean square for the AD inter­
action. With the statistical model used in analyzing this experiment 
(Table 3)» the AD interaction was used in testing sampling dates (2,2 d.f.j 
= 19.00, Ï* 01 " 99.00). The significant lines x dates (CD) interaction 
was caused by most lines having more roots in August than at mid-July 
regardless of location. As mentioned previously, more roots were produced 
at Sanborn and this was true regardless of the line involved as was indi­
cated by the significant mean square for the locations x lines (AC) inter­
action. The significant mean square for the interaction of locations x 
dates (AD) indicated that in most cases root development was not complete 
by mid-July and this was the major factor contributing to this highly sig­
nificant interaction. The differences in root number between July and 
August (CD interaction) were different for the two locations, lAich in turn 
may also have contributed to the significant mean square for the ACD inter­
action. 
The data in Table 9 indicated that root number was significantly 
correlated (.01 level) across years, sites, and dates. This meant that, in 
teims of root number, the lines in this ez^eriment tended to occupy the 
same position relative to the other lines in the test, regardless of loca­
tion, year, or sançling date. 
One of the ways to estimate the efficiency of a method is to see how 
well it is correlated with the other commonly used methods. As indicated 
by the data in Table 67, root number was correlated with all other methods 
which gave some estimate of the size and extent of the root system (size 
Table 9. Correlations among sites, years, and dates for root number 
Dayton Sanborn 
196$ 1966 1965 1966 
July August July August July August July August 
Dayton 
Sanborn 
July 1965 .71b* .751 .532 .766 .775 .770 .563 
August 1965 .71U .684 .795 .783 .9b0 .65b .862 
July 1966 .751 .68U —— .706 .797 .727 .82b .618 
August 1966 .232 .795 .706 — .639 .760 .656 .87b 
July 1965 .766 .783 .797 .639 .817 .807 .663 
August 1965 .775 .9U0 .727 .760 .817 .720 .837 
July 1966 .770 .65k .82b .656 .807 .720 M M  .590 
August 1966 .563 .862 .618 .87b .663 .837 .590 —— 
®A11 coefficients are highly significant (d.f. • U8, r * .361), 
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rating, root volume, secondary-root rating, diy weight, and node number). 
Root angle was apparently independent of root number as was indicated by 
the lack of significant correlation between these two criteria. The lack 
of significant correlation between root number and damage rating in both 
years, and between root number and damage percentage in 1965, indicated 
that root number was not affected by rootworm damage. In 1966 several of 
the lines idiich had low damage percentages (Table 19) were also below 
average in root number (B6it, BlU, B2, A632, and A239) and this probably 
contributed to the significant (.05 level) correlation coefficient. The 
poor correlation between root number and pounds-pull in 1966 (.05 level, 
r * 0.069*) was probably caused by some of the lines which required the 
greatest pulling effort, such as R105, M0I3, H71, B67, and 38-II (Table 22), 
not being particularly high in total root number. It should be emphasized 
that pounds-pull was much more highly correlated with root size rating than 
with root number. 
Correlations between the average number of crown roots approximately 
one month after planting and the average number at mid-season and at matu­
rity were summarized by Table 10. The correlations among the number of 
cronn roots in late June compared over years and sites were all highly 
significant. Except for the lack of correlation between average root num­
ber on July 22, 1965, at Sanborn with the average root number on June 21, 
1965, at Dayton, all other June-July between site correlations were signif­
icant. In the case of the exception, two of the better-rooted lines on 
July 22, 1965, at Sanborn (N6 and SDIO) had only six and ten roots, respec­
tively, at Dayton on June 21, 1965. June root number and August root 
number, both within and between sites, were not always correlated. The 
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Table 10. Correlations between the average number of crown roots approx­
imately one month after planting and the average number of 
crown roots at mid-season and maturity for two years and two 
locations 
Dayton Sanborn 
1965 1966 1965 1966 
June 21 June 29 Jnne 23 June 23 
6/21 .667 .618 .631 
1965 7M .586 .66Û .583^ .568 
9/2 .208ns* .356* .316* .378* 
Dayton 
6/29 .66k - .713 .712 
1966 7/19 .358* .610 .130 .155 
8A6 .280ns .381 .313* .326* 
6/23 .618 .713 .696 
1965 7/22 .136ns .Wi3 .328* .305* 
8A2 .235ns .131 .liOl ,h23 
Sanborn 
6/23 .631; .712 .695 — 
1966 7/13 .U07 .622 .121 .50U 
8/11 .lii5ns .205ns .213ns .331* 
®ns indicates non-significance. 
*significant at .05 level (d.f. « 1^8, r * .282)j all other coeffi 
cients are significant at .01 level (d.f. » liy, r = 379). 
lack of significant correlation between June 21, 1965, root counts and root 
counts at maturity for the other years and sites was attributed to sampling 
before adequate early root development had occurred. As mentioned pre­
viously, some of the better-rooted lines at maturi"^ such as N6 and SDIO 
had very low root counts at this time. The August 11, 1966, root counts at 
Sanborn were not correlated with the 1965 or 1966 June counts at Dayton or 
with the 1965 counts at Sanborn. This lack of correlation was caused by 
many of the lines in the "x" group at Sanborn in August of I966 (see 
Table 7) usually ranking much higher in root number early in the season 
(e.g. 1205, A632, and ND385). 
In conclusion, estimates of early root development were correlated 
between and within sites and years. They were correlated quite consist­
ently with root development in July and less consistently with root develop­
ment at maturity. In general, lines which were outstanding from the stand­
point of root number at maturity also were near the top in early root 
development; this was less true of lines which were low in root number at 
maturity. 
Node number 
According to Eiben (1962) approximately 6,U3 crown roots were added 
with each additional node on the seven inbred lines i^ich were studied. 
This observation indicated that there should be a definite relationship 
between the number of crown roots on a line and the number of root-bearing 
nodes. 
The data from Table 11 indicated that four lines (HD2286, H51, HD2187, 
and C121E) were consistently in the group not significantly different from 
the best line in the test on the basis of the number of root-bearing nodes 
both at mid-season and maturity. These four lines were also above average 
in root number (see Table 7), but only HD2286 and HD2187 were consistently 
in the group not having significantly fewer roots than the best line in 
the test. ND33O, A629, CI23, A575, A3it, and KD385 were consistently no 
better than the poorest line in the test in regard to the number of root-
bearing nodes. The first four lines were also in this same group on the 
basis of root number and A3L and ND385 were consistently below average in 
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Table 11. Average number of root-bearing nodes per line at mid-season and 
maturity during 1965 and 1966 
July August 
Pedigree Dayton Sanbom Dayton Sanbom 
11/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
HD2286 7.00s 8.00s* 8.12s 7.88s 8,38s 8.56s 8.8ls 9.56s 
H5l 7.00s 7.62s 7.75 7.25s 8.31s 8.81s 8.50 9.31s 
N6 6.62s 6.88 7.75 7.38s 7.9U 7.50 8.25 9.06s 
HD2187 7.25s 7.12 8.62s 8.00s 8.56s 8.50s 9.06s 9.00 
C121E 7.00s 7.50s 7.75 7.62s 8.56s 8.31s 8.Ut 8.9k 
Mol3 6.38 6.88 6.75%* 6.62% 7.75 7.62 7.50 8.81 
A251 6.50s 7.25s 7.75 7.38s 7.9U 7.88 8.12 8.75 
SDIO 6.88s 7.88s 7.88 7.75s 8.06 7.81 7.75 8.75 
A556 7.12s 7.62s 8.75s 7.88s 8.69s 8.06 8.8ls 8.69 
Oh56ATEF 6.62s 6.38% 7.25 7.38s 7.75 7.56 7.75 8.62 
H19 6.88s 6.75 6.88 6.50% 7.62 7.93 7.87 8.56 
B2° - 6.25% - 6.75% - 7.50 - 8.56 
A297 7.00s 7.50s 8.00s 7.88s 7.75 7.75 8.00 8.56 
Oh5lA 6.62s 6.88 7.75 7.00 7.69 7.91 7.62 8.50 
A257 5.75x 7.25s 7.88 7.75s 7.81 7.56 8.25 8.ilk 
H71 6.00% 6.25% 7.25 6.50% 7.56 7.38 7.81 8.kk 
B55 6.88s 6.38% 7.25 6.38% 7.06 7.06 7.50 8.25 
Oh29 6.12X 6.38% 6.75% 7.12 7.56 7.62 7.31 8.25 
C131A 6.12% 6.25% 7.75 7.00 8.06 7.56 8.00 8.25 
ELit 7.12s 7.12 7.12 7.00 7.9k 7.75 7.81 8.25 
38-11 6.62s 6.88 7.50 7.25s 7.50 7.38 7.38 8.12 
W22 6.25% 6.62 7.12 6.75% 7.62 6.62 7.81 8.12 
W32(^ - 6.88 - 7.50s - 7.12 _ 8.12 
A239 6.25% 6.50% 7.38 6.88 7.06 7.00 7.00% 8.00 
B6k 6.88x 6.12% 6.5OX 6.5QX 7.19 7.00 7.25 8.00 
^Means followed s were not significantly different from the best 
line in the test; means followed by x were not significantly different from 
the poorest line in the test (from second poorest line at Dayton July 19, 
1966). 
^B2 was substituted for Pennsylvania Late Synthetic in 1966. 
®Vr32 failed to germinate in 1965. 
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Table 11 (Continued) 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
lU/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
N6D 5.38s 6.12X 6.5OX 6.38X 7.25 6.93 6.69X 7.93 
A632 5.38% 7.12 7.12 7.12 7.56 7.38 7.75 7.88 
AitOl 6.12% 6.62 6.12 6,38X 7.25 7.31 7.62 7.81 
OhOTB 6.75s 7.62s 7.12 7.00 7.50 7.88 7.31 7.81 
RI05 6.00X 6.25% 6.75i 6.38% 7.ià 7.12 7.iiii 7.81 
B67 6.508 7.00 7.38 7.12 8,06 7.12 7.88 7.75 
ND363 6.503 6.88 6.75X 7.38 7.00X 7.25 7.Wi 7.75 
W9 6.38 6.75 7.12 6.75X 7.31 7.31 7.68 7.69 
A632 6.50s 7.00 6.88x 6.88 7.12 7.18 7.69 7.62 
NDI1O5 6.12X 6.62 7.00 6.88 7.12 7.12 7.31 7.62 
WL82B 6.38 5.88% 7.12 6.75X 7.50 7.06 7.9k 7.56 
A509 6.12x 6.5OX 7.00 7.25s 6.69x 6.5QX 7.25 7.W1 
Ala7 6.00% 6.5OX 6.38X 6.75X 6.88x 6.81 6.75X 7.38 
A265 5.88x 6.62 7.25 6.25X 7.12 7.06 7.38 7.38 
Bia 6.25% 6.38X 7.12 6.25X 7.12 6.69 7.Wi 7.38 
1205 6.25X 6.75 7.00 6.75X 6.88x 6.56x 7.50 7.25 
CI23 5.5OX 6.00x 5.88xxd 6.00X 6.50x 6.5OX 6.88x 7.25 
Mbl7 5.5OX 6.12X 7.00 6.38X 6.5Qx 6.25X 6.Ulix 7.12 
A295 5.88x 5.75% 6.38% 6.12X 7.12 6.62 7.00X 7.12 
ND385 6.38 6.00x 6.62x 6.88 6.75x 6«56x 7.00X 7.06x 
A3lt 6.00% 6.5OX 6.25% 6.62X 6.W4X 6.69 6.5OX 6.88x 
A629 6.12% 6.0Qx 6.62x 6.5Qx 7.19 6.06x 6.69X 6.8IX 
ND330 5.88x 6.00x 6.75X 6.50x 6.5Qx 6.06x 6.5QX 6.8lx 
A575 6.00x 6.25% 6.62X 6.62x 6.75X 6.75 6.62X 6.56x 
Pa. L. Syn. 5.38% - 7.62 - 7.69 - 8.06 -
Mean® 6.36 6.70 7.U5 6.93 7.16 7.28 7.58 7.99 
8% .25 .23 .25 .23 .18 .16 .18 .16 
^0123 had significantly fewer nodes than any other line in this test. 
®July 1965 mean based on 38U plants (8/line), July 1966 mean based on 
392 plants (8/line); August 1965 means based on 768 plants (l6/line), 
August 1966 means based on 78U plants (l6/line). 
^Standard error of inbred means. 
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root number. More root-bearing nodes were produced at Sanborn both at mid-
season and maturity. Again, this could be attributed to a difference in 
cultivation between the two sites in 196$ and to a lack of rainfall at 
Dayton in 1966. VS.th the exception of certain early-maturing lines such 
as ND330 and A575> more root-bearing nodes were present in August than July 
in both years. Comparison of the July and August means in Table 11 indi­
cated that from 0.13 to 1.06 root-bearing nodes were added from mid-July to 
mid-August. The standard errors of inbred means of Table 11 were of the 
same magnitude within sasçling dates. This indicated that node numbers 
within lines were fairly consistent. %.thin varieties there was more 
variation in node number at mid-season than at maturiigr and this was reflec­
ted by the larger standard errors of inbred means for July. 
Analysis of variance of node number was summarized by Table 12. With 
the exception of the ACD interaction, the analysis and its interpretation 
was similar to that for root number. As indicated by the significant mean 
square for locations, more root-bearing nodes were produced at Sanborn than 
at Dayton in both years (7.W& vs. 7,09 in 1965 and 7.6b vs. 7.08 in 1966). 
As mentioned previously, this was most likely due to a difference in culti­
vation between the two sites in 1965 and to the drought conditions at Day­
ton in 1966. Lines were significantly different in the number of root-
bearing nodes in both years. The vazlance due to differences in the average 
number of root-bearing nodes between July and August s angling dates was not 
statistically significant due mainly to the highly significant locations x 
dates interaction. !Die significant mean square for the dates x varieties 
(CD) interaction indicated that some lines had produced more root-bearing 
nodes by one date than on the other. With the exception of certain earlier 
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Table 12. Analysis of variance of number of root-bearing nodes for 1965 
and 1966 
Degrees of freedom Mean square 
Due to 1966 1965 1966 1965 
Locations (A) 1 1 180.181** 70.490** 
Reps (B)/locations 6 6 1.180** .660 
Lines (C)& U8 kl 15.326** 13.3k2** 
Sampling dates (D) 2 2 174.822 113.583 
CD 96 9li 1.175** .812** 
AC U8 kl .915** .897** 
AD 2 2 15.315** 29.135** 
ACD 96 9k .162 .654 
Error 876 858 .ia6 .497 
SaBçling error 1176 1152 .38U .465 
Total 2351 2303 
**significant at the ,01 levelj *significant at the .05 level. 
^1966 data based on h9 inbred lines; 1965 data based on ii8 inbred 
lines due to poor germination of %2. 
maturing lines such as ND330 and &57S, most lines had more root-bearing 
nodes by mid-August. The significant mean square for the locations x lines 
(AC) interaction indicated that lines responded differently to locations in 
regard to production of root-bearing nodes. The data from Table 11 indi­
cated that within varieties more root-bearing nodes were present at Sanborn. 
The significant locations x date (AD) interaction reflected both the sig­
nificant difference due to locations and dates mentioned above. In con­
trast to root number, the ACD interaction for node number was not signif­
icant in either year. This may be interpreted as indicating that the 
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increase in root-bearing nodes from July to August was not significantly 
different at the two locations. 
The correlation coefficients among sites, years, and dates, in regard 
to number of root-bearing nodes were summarized by Table 13. These coeffi­
cients were confuted using the means of Table 11 and were, without exer­
tion, significant at the .01 level. These correlations indicated that, in 
regard to the number of root-bearing nodes, the lines involved tended to 
occupy the same position relative to the other lines in the test. This was 
true regardless of site, year, or sauçling date. 
Data from Table 67 indicated that node number was most closely cor­
related with root number for both years. Root volume and diy weight also 
gave significant, positive correlations with node number lAiich indicated 
that these four quantitative criteria were inter-related and as node number 
increased so did root number, root volume, and diy weight. Damage percent­
age and secondaiy-root rating were not well correlated with node number in 
either year. This indicated that for the lines in this experiment node 
number was not an important factor in increasing or decreasing damage per­
centage or the number of secondary roots. The number of root-bearing nodes 
was not consistently correlated with size rating, damage rating, angle 
rating, or pounds-pull for both years. The latter relationships will be 
examined more conçletely Wien these criteria are discussed. 
Dry weight and root volume 
As indicated previously, root number and node number do not always 
give the best estimate of the extent of root system development for a given 
line. Dry weight and volume of the crown roots should give better 
Table 13. Correlations among sites, years, and dates for node niunber 
Dayton Sanborn 
196$ 1966 1965 1966 
July August July August July August July August 
Dayton 
Sanborn 
July 1965 
August 1965 
July 1966 
August 1966 
July 1965 
August 1965 
July 1966 
August 1966 
» .658* .673 .706 .613 .696 .626 .636 
6$e - .685 .853 .790 .889 .692 .850 
673 .685 - .777 .683 .689 .767 .682 
706 .853 .777 - .685 .82b .678 .883 
613 .790 .683 .685 « .810 .792 .70U 
696 .889 .689 .82b .810 - .710 .831 
626 .692 .767 .678 .792 .710 — .65b 
636 .850 .682 .883 .70k .831 .654 -
®A11 coefficients are highly significant (d.f, • W, r " «361). 
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estimates of the total mass of the root system within the limits of our 
standardized sample. As indicated by Table 6?, diy weight and volume of 
crown roots were very closely correlated in both years (0.812 in 1965 and 
0.92k in 1966); for this reason they will be discussed together. 
The average dry weight of crown roots per line at mid-July and at 
maturity was summarized by Table lit. In three out of the four experiments 
there were no statistical differences among lines in regard to dry weight 
of roots at mid-season. The average volume of the crown roots per line at 
mid-July and at maturity was summarized by Table 15. There were no signif­
icant differences in root volume per line in mid-July at Dayton. The range 
in volumes was greater at Sanborn in both years because of more favorable 
growing conditions and this was probably the major factor contributing to 
significant differences among lines at mid-July» The lack of significant 
differences among lines in regard to both dry weight and volume at mid-
season for the other experiments was the result of a smaller sançle size 
(8 plants) lAich contributed to a larger standard error; in addition the 
range of diy weights and volume at mid-July was considerably less than in 
August. These data, togetiier with the fact (Table 11) that an average of 
one node of crown roots was added between mid-July and mid-August, indi­
cated that differences in dzy weight and root volume among these lines 
could best be attributed to the mass of the crown roots which developed 
between mid-July and mid-August. Two lines B67 and A265 were outstanding 
in dry weight and volume of crown roots at maturiiy although neither line 
was particularly outstanding in root number or node number. HD2286, a line 
lAich was outstanding in root number and node number, was in the top group 
on the basis of volume of crown roots at maturity in all four e^qperiments. 
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Table li^. Average dry weight (g) of crown roots of inbred lines studied 
during 1965 and 1966 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
lit/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
B67 5.6 8.3 lii.Os l.k 39.888* 35.3s 3k.0ss 55.6ss 
HD2286 U.2 6.5 11.8s 7.2 23.3 29.1 27.7s k7.2s 
A265 U.5 6.0 9.0 6.6 35.7s 37.5s 25.6s k3.2s 
H71 3.k S.k 9.0 5.0 19.2 lii.l 16.7 33.0 
HD2187 U.5 5.1 11.6s 10.2 19.k 13.1 21.7 25.9 
A257 5.7 7.0 11.1 8.2 20.0 10.8 28.2s 25.0 
BU 6.5 6.6 9.6 8.8 30.8 lk.5 2k.k 2k.9 
38-11 5.0 6.6 11.5s^ 5.7 25.1 20.2 21.6 2k.6 
Mol3 2.1 3.8 5.8x^ 3.8 16.2 12.k 13.9 2k. 3 
H51 3.2 6.1 6.2x 5.1 21.8 15.9 17.k 22.6 
W32(: « 9.0 — 10.k » 12 .k 22.3 
R105 k.2 3.2 6.8x h»3 21.0 10.5 18.5 22.3 
Oh29 2.5 2.3 6.1fx U.3 22.1 Ik. 2 15.0 19.6 
àhOl 2.3 U.lt 2.7x 2.9 12.7 12.8 11.6 19.k 
B55 U.U 3.7 7.7x 6.6 17.9 10.0 15.6 19.1 
G121E 3.0 5.1 7.3x lt.6 18.8 19 .k 16.0 18.1 
Bia a.8 6.8 12.Ls k»o 26.b 13.8 21.3 17.6 
A251 U.i 5.7 11,6s 6.3 13.k 13.2 18.7 17.5 
B2^ - 2.7 - 1.7 - 10.1 • 17.1 
B6ii ii.i 8.0x 5.7 15.8 lk.6 16.3 17.0 
SDIO 6.5 9.0 lb.88 11.0 13.1 9.7 16.2 16.6 
A297 U.8 5.1 9.3 6.1 18.0 12.6 23.8 lk.3 
Mol7 3.8 3*k 8.8 U.8 Ik. 7 6.6 11.8 Ik.l 
W9 3.6 3.6 7.1X ii.8 11.8 6.9 13.7 Ik.O 
Ml 3.2 k.7 8.2 6.7 8.9 8.9 io.k 13.9 
®Means followed by ss were significantly different from all other 
lines in the test; means followed by s were not significantly different 
from the second best line or from the best line if no ss means were present 
(Duncan's New Multiple Range Test). 
^eans followed by (x) did not differ significantly from the poorest 
line in the test. 
®W32 failed to germinate in 1965. 
%2 was substituted for Penn^lvajaia Late Synthetic in 1966, 
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Table lU (Continued) 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
lit/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
A632 S»k IT.O lO.bs 7.7 15.A 9.5 21.0 13.7 
A556 3.k 6.0 10.8s 7.2 12.7 8.3 15.8 13.6 
N6D 2.1 2.3 3.8% 2.0 11.3 6.6% 9.1 I3.U 
A295 2.6 2.7 6.8% U.l 11.9 6.6% 10.7 12.0 
A239 k.2 3.5 8.7 5.3 12.9 6.5% 16.7 12.0 
Oh56ATRF 3.5 3.2 7.1% 5.5 13.6 5.9% 9.6 11.8 
W22 2.8 2.5 U.8% 3.5 8.8 5.0% 9.2 11.7 
A632 L2 it.2 8.7 7.7 11.8 7.6% 13.7 11.3 
HI9 2.2 2.0 3.6% 2.8 9.5 6.0% 10.2 10.8 
ND385 2.6 2.5 5.6% 5.I1 6.3 5.i(% 9.9 10.7 
N6 3.5 k.o 7.5% lt.9 12.5 6.7% 13.1 10.0 
1205 5.5 7.0 10.2s 5.9 11.7 5.9% 16.0 9.9 
CI3IA 2.1 1.9 5.5% 1.7 11.6 5.7% 10.6 9.8 
OhOTB 2,h k.2 6.3% 3.ii 13.5 7.9% 13.1 9.8 
Oh5lA 3.1 2.1 8.1% 2.1 11.3 8.1% 10.1 9.1% 
ND363 3.3 6.0 lt.9% ii.7 5.2% 6.2% 5.ii% 8.0% 
NDit05 2.8 2.5 7.1% 3.0 9.3 L.6% 9.3 7.8% 
CI23 3.1 ii.2 5.6% k.3 8.1; 6.2% 10.1 7.7% 
A629 3.2 2.6 7.1% k,9 8.1 2.7% 10.6 7.1j% 
ND330 3.U 3.2 7.5% 6.0 8.1 3.1% 9.1t 7.0% 
A509 3.5 3.0 6.8% 6.2 3.7% 2.0% 7.1 7.0% 
W182B 2.5 1.5 5.i»% 3.6 5.7 1.8% 6.9% 6.2% 
A575 2.8 3.3 3.7% 3.8 it. 7% li.3% lt.1% 6.0% 
k3k 2.5 2.2 3.1% 2.7 1.9% 2.7% 3.7% 3.3% 
Pa. L. Syn. 1.1 - 9.1% - 15.0 - 21.0 -
Mean® 3.62 ii.39 7.90 5.33 U.79 10.1*9 14.93 16.7k 
s ^ 
% 
1.58 2.62 1.58 2.62 1.12 1.85 1.12 1.85 
July 1965 mean based on 384 plants (8/line), July 1966 mean based on 
392 plants (8/line)j August 1965 means based on 768 plants (l6/line), 
August 1966 means based on 78i| plants (l6/line). 
^Standard error of inbred means. 
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Table 15» Average volume (ml) of crown roots per line at mid-season and 
maturity during 1965 and 1966 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
lii/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
B67 35 3h 59SA 52s l$kss^ ll8s 132ss 2l5ss 
HD2286 20 30 6ls ii3 89s 102s 110s 175s 
A265 23 22 56 36 102s 113s 102s l61ts 
H71 22 2h 56 3U 75 65 76 là7s 
38-11 38 32 68s U2 Ills 93 lOUs 121 
H51 23 3U IÀ 38 93s 75 81 118 
HD2187 3h 27 63s 6i4.s 88s 52 90 117 
M0I3 13 16 30xb 19% 62 k9 51 Uk 
A257 27 30 56 kk 87s 36 112s 105 
W32C 
- UO - 63s - k8 - lOli 
A251 28 31 6i;s kS 80 6k 81 lOli 
RI05 21 15 ko 27% 8k ko 70 LOA 
BLH 39 33 50 50s lOii 52 87 95 
OH29 15 11 38 30 85 57 58 93 
AUOl 13 18 I5x 17x 57 52 k2 91 
B55 2k 18 38 38 81 ill 66 90 
B2* - Ih - 10% — k3 -, 81 
C121E 15 2h 50 28x 66 73 65 80 
SDIO 32 3h 83s 56s 58 37 71 76 
A556 16 30 56 k$ 58 3k 72 70 
Biil 27 30 50 2kx 96 50 80 69 
M0I7 25 16 50 29 6k 29% 50 68 
A632 27 17 LA k7s 53 3k 62 62 
A297 27 21 50 36 68 kk 88 61 
B6L 23 20 311 30 k9 51 52 58 
^eans followed by ss were significantly different from all other 
lines in the test; means followed by s were not significantly different 
from the second best line or from ijie best line if no ss means were present 
(Duncan's New Multiple Range Test). 
^eans followed by x did not differ significantly from the poorest 
line in the test. 
S132 failed to germinate in 1965. 
^2 was substituted for Pennsylvania Late Synthetic in I966. 
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Table 15 (Continued) 
July August 
Pedigree Dayton Sanbom Dayton Sanborn 
lli/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
Aijl? 18 18 3lpc 38 39 31x liO 57 
N6D 13 9 20x 12x h6 26x 36 56 
H19 16 8 21x 17x h3 25x ho 56 
W22 22 12 31x 2ltx h2 22x h3 55 
A295 Ih 9 27x 19x h6 23x h2 50 
Oh56ATRF 19 12 32x 28x 53 20x 36 50 
CI3IA Ih 8 27x lOx li7 2ipc h7 W 
WF9 18 13 28x 22x 37 23x hh it7 
Oh5lA 20 10 38 litx 51i 3h li5 1:7 
0h07B 15 20 29 l8x h3 28x h9 hh 
A239 21 16 38 25x h6 22x 56 hlx 
N6 20 16 32x 26x 53 25x h9 38x 
A632 23 17 3i4X 35 h9 2hx 51 38x 
ND385 Ih 9 23x 28x 2hx l8x 31x 37x 
1205 32 2ii ]i5 28x h8 22x 51i 37x 
ND363 18 23 23x 2I4X 2hx 22x 21x 3ijx 
A509 21 15 27x 30 20x 7x 29x 32x 
C123 16 20 26x 26x 3hx 25x 39 31x 
NDii05 13 11 31x I5x h2 17x 30x 3Qx 
A575 Ih 15 I5x 20x 21x l5x l6x 29x 
A629 16 9 26x 23x 29x 7x 36 28x 
WL82B Ih 7 28x 21% 29x 6x 31 26x 
ND330 16 Hi 29x 31 32x lOx 33 2ltx 
A3k Ih 9 12x liiX llx lOx 13x l8x 
Pa. L. Syn. 8 - kO - 58 - 75 -
Megn® 
S 
20.8 19.3 38.8 30.5 59.1 39.6 58.2 72.1 
6.21 10.19 6.21 10.19 li.39 7.21 4.39 7.21 
X 
®July 1965 mean based on 38I; plants (8/line), July 1966 mean based on 
392 plants (8/line); August 1965 means based on 768 plants (l6/line), 
August 1966 means based on 7Sh plants (l6/line). 
f Standard error of inbred means. 
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It was also in the top group on the basis of dry weight of crown roots at 
maturity in two out of the four experiments. The dry weight and volume of 
the crown roots of k^k, A575) W182B, A$09, ND330, and ND363 were consist­
ently not significantly different from the poorest line in the test; ND385 
and CI23 could be added to this list on the basis of their consistently 
low root volumes. 
The drought conditions at Dayton in 1966 were reflected by the large 
number of lines not significantly better than the poorest line in the test 
for both dry weight and root volume at maturity. The lowest estimates of 
dry weight and volume at maturity for most of the lines tested were obtained 
at Dayton in 1966. These data were interpreted as indicating that soil 
moisture was a major factor in determining the mass of the root systems of 
these lines. Interestingly, HD2286 and A265 were two exceptions to the 
above observations. 
The analysis of variance of dry weight and volume of crown roots was 
summarized by Table I6. These data indicated that the average dry weight 
and volume of crown roots was different at the two locations for both 
years. The average dry weights for the two locations were 11.1 g at Dayton 
in 1965 vs. 12,6 g at Sanborn and 8.5 g at Dayton in 1966 vs. 12.9 g at 
Sanborn. For root volume the averages were I4.6.3 ml at Dayton in 1965 vs. 
51.7 ml at Sanborn and 32.8 ml at Dayton in 1966 vs. 58.2 ml at Sanborn. 
The smaller average dry weights and root volumes at Dayton in 1965 
most likely reflected the difference in the method of cultivation between 
the two locations (p. 1;9). Root development on the upper root-bearing node 
was inhibited by the lack of an adequate amount of soil moisture and con­
sequently the average root volume and dry weight were less at Dayton. The 
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Table 16, Analysis of variance of dry weight and root volume for 1965 
and 1966 
Degrees of freedom Mean square 
Due to 1966 1965 1966 1965 
Dry weight: 
Locations (A) 1 
Reps.(B)/locations 6 
Lines (C)a li8 
Sampling dates (D) 2 
CD 96 
AC U8 
AD 2 
ACD 96 
Error 876 
SaDçling error 1176 
Total 2351 
Root volume: 
Locations (A) 1 
Reps.(B)/locations 6 
Lines (C)& U8 
Sampling dates (D) 2 
CD 96 
AC U8 
AD 2 
ACD 96 
Error 876 
Sançling error 1176 
Total 2351 
1 11780.3** 1331.9** 
6 218.0** 60.8** 
1:7 1863.2** 1260.0** 
2 20030.3 21216.2 
9h 367.0** I93.U** 
kl 117.8** 88.0** 
2 263U.5** 1099.U** 
9k 63.0 37.7** 
858 54.7 20.0 
1152 29.9 17.a 
2303 
1 37835U** 16922** 
6 6152** II7I1** 
hi 29623** 2083k** 
2 25123k 212812 
9k li8U7** 2121** 
kl 2802** 1085** 
2 13360** 2327k** 
9k 1051** 509** 
858 832 309 
1152 kS3 267 
2303 
"^significant at the ,01 level; ^ significant at the ,05 level. 
®1966 data based on k9 inbred lines; 1965 data based on U8 inbred 
lines due to poor germination of W32. 
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appreciably smaller average dry wei^ts and volxunes at Dayton in 1966 were 
the result of a lack of moisture lAich inhibited normal plant development* 
The variance due to lines was highly significant in both years for both 
criteria. %Lth the statistical model used in this experiment (see Table 3), 
the lack of significance due to saaupUng dates for both dzy weight and 
volume (summed over locations) can again be attributed to the large mean 
square for the AD interaction lAich was used in testing sampling dates 
(2,2 d.f.; F Q2 ® 19.00, F qI " 99.00), The lines x dates interaction (CD) 
was significant both years for both criteria. The data from Tables II4 and 
15 indicated that, with the exception of certain early maturing lines, most 
lines had more dxy weight and volume of crown roots on the last sanipling 
date. The lines responded differently at the two locations as was indi­
cated by the significant locations x lines (AC) interaction for both 
criteria. For reasons mentioned above, most lines produced more diy wei^t 
and volume of crown roots at Sanborn in both years. The locations x dates 
(AD) interaction was highly significant as a result of the difference in 
the diy weight and volume of crown roots between July and August and also 
because of the difference in diy weight and volume between Dayton and San-
bom. The significant variance due to the ACD interaction (except for dry 
weight in I966) indicated that the response of lines between July and 
August was different at the two locations. 
The data in Tables 17 and 18 summarized the correlations among loca­
tions, years, and sazqpling dates using the varietal means of Tables lit and 
15. The dry weights of the lines at Sanborn in July of 1966 and the dry 
weights at Dayton in August of 1966 (Table 16) were correlated at the .05 
level. Examination of the average dry weights at Sahbom in July of I966 
Table 17. Correlations among locations, years, and sampling dates for diy weight 
Dayton Sanborn 
1962 1966 1965 1966 
July August July August July August July August 
Dayton 
Sanborn 
July 1965 — .558* .753 .1*00 .823 .725 .807 .1*32 
August 1965 .558 - .601 .880 .583 .885 .390 .869 
July 1966 .753 .601 — .601* .761 .711 .687 .591* 
August 1966 .1*00 .880 .601* - .1*97 .796 .338* .921* 
July 1965 .823 .583 .761 .497 M .763 .769 .532 
August 1965 .725 .885 .711 .796 .763 — .597 .827 
July 1966 .807 .390 .687 .338* .769 .597 » .1*08 
August 1966 .1*32 .869 .591* .921* .532 .827 .1*08 -
®'A11 coefficients are highly significant (d.f, - 1*8, r .361) 
Table 18, Correlations among sites, years, and dates for root volume 
Dayton 
196$ 1966 
July August July August 
Sanborn 
1965 
July August 
1966 
July August 
Dayton 
Sanborn 
July 196$ - .670* .726 .468 .753 .716 .760 .476 
August 1965 .670 - .689 .861 .717 .915 .582 .878 
July 1966 .726 .689 - .661 .789 .775 .751 .626 
August 1966 .U68 .861 .661 - .641 .832 .495 .922 
July 196$ .753 .717 .789 .61*1 .833 .793 .651 
August 196# .716 .915 .775 .832 .833 - .709 .856 
July 1966 .760 .582 .751 .495 .793 .709 _ .560 
August 1966 .U76 .878 .626 .922 .651 .856 .560 -
^All coefficients are highly significant (d.f. • U8, ^ qi " *361). 
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(Table lU) indicated no significant differences among lines, and the better 
lines at maturity (e.g. B67 and HD2286) were not outstanding in diy weight 
of crown roots at this time. All other correlation coefficients for both 
dry weight and volume of crown roots were significant at the .01 level. 
This indicated that, in spite of the significant CD, AC, AD, and ACD inter­
actions of Table 16 and the lack of significant difference among the 
average dry weight and volume of the lines in July, the lines involved 
tended to occupy the same position relative to the other lines in the test. 
Diy weight and volume were both correlated with all other criteria, 
except root-angle rating, as was indicated by the data in Table 67. Sig­
nificant positive correlations (.01 level) were obtained with root number, 
node number, secondazy-root rating, root volume, size rating, and pounds-
pull lAich indicated that an increase in the magnitude of any of these 
criteria was acconqpanied by a corresponding increase in diy weight and 
volume. Significant negative correlations (*01 level) were obtained with 
damage percentage and root-damage rating which indicated that as rootwoim 
feeding on a root system increased there was a corresponding decrease in 
the dry weight and volume of that system. The significant (.05 level) 
negative correlation of dry weight and volume witii root angle rating m^ 
have been a result of rootwoim damage coupled with the fact that the upper 
crown roots tend to be more nearly parallel with the soil surface. As 
rootworm damage increased in 1966, more of these upper crown roots were 
destroyed leaving the more vertical roots of the lower nodes, producing an 
increase in root angle rating, and a decrease in size rating. Dry weight 
and volume of the crown roots gave a fairly accurate estimate of the mass 
of the root system and of the reduction in mass due to rootworm feeding as 
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was indicated by their significant correlations with the other criteria 
related to damage and size. 
Damage percentage 
Damage percentages should give fairly accurate estimates of the amount 
of rootworm damage as measured by the number of crown roots showing def­
inite evidence of rootworm feeding. Lines which show antibiosis should 
show a lower damage percentage. Average damage percentage of crown roots 
at mid-July and mid-August was summarized by Table 19. Although the 
standard errors were relatively large in comparison to the means, they were 
of similar magnitude for both years. The large standard error gave rise to 
large confidence intervals which made it difficult to distinguish among 
lines. For example, a difference of l$-20% was required for a significant 
(.05 level) difference among the August means and 21-32$ for difference 
among the July means. Large variations in damage percentage were most 
likely the result of a general lack of antibiosis and the inability to 
establish a uniform, natural infestation. There was approximately twice as 
much damage at both locations in 1966. This was attributed to the greater 
larval populations (p. 19) and less favorable growing conditions at both 
locations. 
None of the lines were outstanding from the standpoint of a low damage 
percentage in all experiments which indicated a general lack of antibiosis 
among the lines in this experiment. It will be recalled (p. 29) that 
damage percentage = number of roots chewed/total number of crown roots. 
Consequently, between mid-July and maturity there would often be an increase 
in root number without a corresponding increase in the number of roots 
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Table 19. Average damage percentage of crown roots at midseason and 
maturity during 1965 and 1966 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
lii/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
H71 17^ 60sx^ l8sx U9sx 21sx 5is" lits 32s 
HD2286 9 5lsx 15s 40s 2hsx 52 16s 33s 
E105 12 56sx 31sx 52sx 163 62x 27s 3Ûs 
B6l 15 58sx 19sx 36s 27sx li8s 19s 35s 
BLk 12 53sx 30sx h$s l8s 38s 30s 39s 
B2® — 50s -, 5Ux^ — 51; •• 39s 
A632 15 52sx l6sx 50sx 22sx 6iix 17s 39s 
A239 20 57sx 9s 31s 23sx 62x 12s i&Os 
A265 3h 68x l8sx ii2s 30sx 62x 26s ills 
B67 17 58sx 17sx 50s 21sx 2il8 ii2s 
W22 20 U5s Itlx 52sx 30sx 62x 3its ii3s 
A297 7 ills l6s l;2s 21sx 62x I8s li3s 
AliOl 18 57sx 32sx 55% 17s 57x 3Us 1:38 
HD2187 17 56sx 2lisx 3lts 25sx 6I4X 32s iUiS 
Mol7 18 li9s 30sx U9sx 26sx 57x 21s li5s 
C131A 23 66x 19sx 6i)x 36sx 61)x 30s U5s 
B55 18 60sx 22sx U5s 22sx 66x 27s U5s 
A556 10 li8s 28 sx U5s 25 sx 65% 2iis lt5s 
ND385 29 5lsx 33sx li3s 36sx 55% 58x U6s 
H19 27 62sx 25sx 55% U2x 70% 21s k8 
0h07B 2U h9s l6s liSs 26sx Bh 21s k9 
1205 16 508 I6s kOs 26sx hSs 30s k9 
A3U 21 57sx 32sx k$8 33sx 5U 3Ls k9 
Mol3 25 55sx Û2x ii8s 22sx 63% 35s h9 
Oh56ATRF 19 58sx 22sx itOs 32sx 58x 28s 50 
®No significant differences (.05 level Duncan's New Multiple Range 
Test) among means on this date. 
^Means followed by s were not significantly different from the best 
line in the test; means followed by x were not significantly different 
from poorest line in the test; sx means did not differ significantly from 
either the best or poorest line in the test. 
®B2 was substituted for Pennsylvania Late Synthetic in 1966. 
75 
Table 19 (Continued) 
Jiily August 
Pedigree Dayton Sanborn Dayton Sanborn 
lli/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
C123 16 52sz 2itsx 56x 25sx 58x I6s 50 
A257 16 53sx 30 sx 1*8 s 29 sx 53 26s 50 
Oh5lA 23 60sx 18 sx 5iix 29sx 62x 2lts 50 
Oh29 31 59sx lîsx 56x 17s 56x 23s 51 
H51 20 56sx lUpc 5lsx 35sx 66x lilx 51 
C121B 23 58 sx IDs 57x 26sx 50s 20s 52x 
W182B 22 72x 25 sx ii5s 27sx 61tx 22s 52% 
A251 20 508 17sx 5Ux 30sx 58x 17s 52% 
N6 25 5lsx lbs 57% 21sx 56% 18s 52% 
ND330 15 62sx I8sx 5lsx lt2x 6l4x 33s 51*% 
A295 30 6lsx 22sx 51*x liOx 63% 30s 51»x 
SDIO 28 6lsx lliS 53x 20sx 66x 21*8 55% 
38-11 12 6lsx I6s 60x 29sx 58% 12s 56x 
A632 22 60sx 17sx lt9sx 23sx 55% I8s 56% 
ND363 2k 53sx 33sx 59x 22sx 63% hOx 56% 
A509 17 6lsx 26sx 53x 28sx 66x 22s 56x 
N6D 28 5lsx 36sx 59x 28sx 62x 35s 59% 
WP9, ZL 60sx 20sx k7s 27sx 6lx I8s 59% 
W32^ - 5I4SX - 52sx - 6lx » 61% 
A629 17 5lSX 17sx 55% 22sx 5U 27s 62x 
Bia 12 U2s 16s k9sx 25sx 5U 20s 62x 
AL17 12 60sx 29sx 55% 25sx 6hx 36x 65% 
A575 33 58sx i;dx 55x 25sx 59% l*5x 66x 
NDU05 25 58sx 2hsx 61;x 33sx 61% 17s 67% 1 £ 28 - 22sx - 39sx - 17s -
Mean® 20.0 55.7 23.5 1*9.6 26.9 58.9 26.1 1*9.1* 
s ^ 
X 
6.81 6.0ii 6.81 6.0l(. 4.82 U.27 lt.82 1*.27 
^2 failed to germinate in 1965. 
®JiLLy 1965 means based on 381* plants (8/line), July 1966 mean based 
on 392 plants (8/line) j Ac^st 1965 means based on 768 plants (iS/line), 
August 1966 means based on 78h plants (l6/line). 
^Standard error of inbred means. 
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chewed. For this reason the best estimate of antibiosis, based on damage 
percentages, would be obtained in mid-July at the peak of the rootworm 
infestation. In most cases, the lines in this experiment weren't signif­
icantly different (.05 level) in July or the range of significance was too 
large to be veiy meaningful. In many cases, there was an actual reduction 
in damage percentage from mid-July to mid-August; this was most pronounced 
at Sanborn in 1966. As mentioned above, the lower damage percentage in 
August probably reflected regrowth in the absence of rootworm larvae. 
Earlier maturing lines (e.g. A629, A575, ND385, NDi|.05) were less likely to 
show a reduction in damage percentage than later maturing lines such as 
HD2286, HI05, and Bll;. Bli;, B6I1, H71, and HD2286 tended to be better than 
average in damage percentage, although this wasn't true for all sites and 
saspling dates. BIOS also performed well, but gave a poor response at 
Dayton in I966. 
Analysis of variance of damage percentage for 1965 and 1966 was sum­
marized by Table 20. Variance in damage percentage caused by locations was 
significant (*01 level) in 1966 but not in 1965. In 1965 the averages were 
2k»6% and 25.2# for Dayton and Sanborn respectively; in 1966 the averages 
were 57.8$ at Dayton vs. at Sanborn. The greater damage percentage 
at Dayton was the result of fewer roots for the larvae to feed on and less 
regrowth both of lAich were attributed to the dry soil conditions. Variance 
due to lines was not significant under the higher level of infestation 
present in 1966 but was significant (.05 level) in 1965. Again, it should 
be e:g)hasized that in this experiment we were dealing with lines with 
varying degrees of tolerance, but which did not show aigr detectable levels 
of antibiosis. Sampling dates, summed over locations, were not 
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Table 20. Analysis of variance of damage percentage for 1965 and 1966 
Degrees of freedom Mean square 
Due to 1966 1965 1966 1965 
Locations (A) 1 1 1^:209** 21ii 
Reps.(B)/locations 6 6 608L** ii60 
lines (C)& h8 kl 1138 li;97* 
Sampling dates (D) 2 2 605 5936 
CD 96 9k 267* 253 
AC hQ kl 716** 905** 
AD 2 2 868 1252* 
ACD 96 9k 198 208 
Error 876 858 292 372 
Sampling error 1176 1152 188 198 
Total 2351 2303 
"^^significant at the ,01 level; ^ significant at the .05 level. 
^1966 data based on it9 inbred lines; 1965 data based on ij.8 inbred 
lines because of poor germination of ¥32. 
significantly different in either year in respect to damage percentage, 
within the limitations of our statistical model as discussed previously 
Cp. 51). The lines x dates (CD) interaction was significant (.05 level) 
in 1966 but not in 1965. This indicated that the damage percentage of a 
given line (averaged over locations) often differed between July and August 
in 1966. This also reflected regrowth and was most pronounced among the 
later maturing lines. The significant (.01 level) locations x lines (AC) 
interaction indicated that the damage percentages of lines were often 
different at the two locations. If several of the lines had carried some 
level of antibiosis, one would have expected that the lines involved would 
have been low in damage percentage at both locations. The differences in 
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damage percentages between July and August (summed over lines) at the two 
locations (AD interaction) was significant in 1965 but not in 1966, The 
overall means of Table 1? indicated that the difference between July and 
August was greatest in 1965. 
The correlations among locations, years, and sampling dates for damage 
percentage were summarized by Table 21. Compared with the corresponding 
tables for root number, node number, dry weight, and volume, it was obvious 
that damage percentage did not produce veiy consistent results among loca­
tions, years, and dates. This reflected a lack of antibiosis among the 
lines used in this experiment and a lack of uniformity in the distribution 
of the rootworm population. In general, there were more correlations 
within sites than between sites and the Dayton means gave more significant 
correlations than the Sanborn means. The best correlations were obtained 
between July and August at Sanborn (0.723 in 1965 and 0,S3k in 1966). The 
general lack of correlation indicated that when studied at different 
locations and years the lines used in this experiment did not occupy the 
same position relative to the other lines in the test in regard to damage 
percentage. 
The correlations of the other criteria with damage percentage were 
summarized by Table 67. Damage percentage was positively correlated with 
damage rating (.01 level) in both years which indicated that damage percent­
age was closely related to the more rapidly obtainable qualitative char­
acteristic, The positive correlation with root-angle rating in 1966 
reflected the fact that as rootworm damage increased the more horizontal 
crown-roots of the upper nodes were often destroyed leaving the roots of 
Table 21. Correlations among locations, years, and sampling dates for damage percentage 
Dayton Sanborn 
1965 1966 1965 1966 
July August July August July August July August 
Dayton 
Sanborn 
July 1965 « .276* .368** .275 .182 .365** .300* .280* 
August 1965 .276 - .238 .312* .121 .27U .139 .223 
July 1966 .368** .238 — .312* -.098 -.009 .099 .066 
August 1966 .275 .312* .312* - .189 .128 .222 .217 
July 1965 .162 .121 -.098 .189 M .723** .172 .11*1 
August 1965 .365** .27U -.009 .128 .723** - .096 .256 
July 1966 .300* .139 .099 .222 .172 .096 mm .53U** 
August 1966 .280* .223 .066 .217 .lUl .258 .53U** -
^nstarred coefficients are not statistically significant at the ,01 or .05 level. 
**Significant at the .01 level (d.f. » U8, qi " 
^Significant at the .05 level (d.f. -U8, ^ o5" '279)* 
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the lower nodes, lAich often rated a four or five on root angle. Damage 
percentage was not greatly influenced by root number as was indicated by 
the lack of significant correlation between these two criteria (0,009 in 
1965 and 0.079* in 1966), The significant positive correlation (.05 level) 
with root number in 1966 was difficult to eaqilain except for the observa­
tion (Table 59) that there was a significant positive correlation between 
rootwona larvae and size rating in the yield experiment. Damage percentage 
was negatively correlated with size rating, root volume, dry weight, and 
pounds-pull in both years. 
This indicated that as rootworm damage increased the mass of the root 
system decreased, and it was the remaining root mass that was measured by 
these criteria. The significant correlations (.01 level in 1966, .05 level 
in 1965) with secondary-root rating indicated that as damage percentage 
increased there was a decrease in the number of secondary roots present. 
This was probably a direct result of the fact that the area of the crown 
roots from which secondary roots could arise was greatly reduced as a result 
of substantial rootworm feeding. The observation, that secondary-root 
production may be a response to root injury (Eiben 1962), may not hold up 
under a more severe infestation as was indicated by the lack of correlation 
between these two criteria in this experiment. 
Pounds-pull 
Pulling devices have been widely used in evaluating com root systems. 
Their use in screening lines for resistance to com rootworms (or in eval­
uating insecticides) depends on the assuaption that an Inherently small 
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root system or a root system that has had substantial rootworm feeding can 
be pulled more easily from the soil. 
The average forces required to remove mature root systems from the 
soil at Dayton and Sanborn during 1965 and 1966 were summarized by Table 
22. It will be recalled (Table 19) that there was approximately twice as 
much damage at both locations in 1966 and this was reflected by a great 
decrease in average pounds-pull in 1966. The average pounds-pull at Dayton 
in 1966 was considerably less than the average for Sanborn (131.7 lb. vs. 
150.3 lb.). This was a result of generally smaller root systems and a lack 
of extensive regrowth, both of which were attributed to a lack of adequate 
soil moisture at Dayton. Variations in soil texture, soil moisture, and 
the distribution of the rootworm population all contributed to the relatively 
large standard error for pounds-pull. As a result of the large standard 
errors, a difference of approximately 75 lb. was required for any two means 
to be statistically different at the .05 level. Consequently, the group of 
lines not significantly different from the best line and the group not 
significantly different from the poorest line were quite large in an 
experiments. 
RI05, HD2286, B67, and 38-II were in the top group in three out of 
four eq)eriment8. Some of the lines (e.g. H71 and H19) did not give a con­
sistent performance in all four experiments. H71, a line lAich was def­
initely above average in other root characteristics, did not perfoim well 
in terms of pounds-pull at Dayton in 1966. The low value for pounds-pull 
can be attributed to two plants which were rated as fives for damage and 
were pulled at liO lb. and 85 lb. Without these two plants, H71 would have 
had an average pull of IL6 lb. which would have been definitely above 
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Table 22. Average pounds of force required to remove mature root systems 
from the soil at Dayton and Sanborn during 1965 and 1966 
Dayton Sanborn 
Pedigree Sept. 2, 1965 August l6, 1966 August 12, 1965 August 11, 1966 
EIO5 358s^ 138 325s 238s 
Mol3 26U 162 208 225s 
H71 201 la&x* 222 2158 
A265 251 197s 279 212s 
Mol7 315s 12Ux 25U 207s 
HD2286 28ls 160 3U0s 2063 
HD2187 259 U8 232 206s 
AUOl 271s 173 212 195s 
B67 292s 2i&8 258 193s 
38-11 283s 199s 376s 190s 
OH56ATRF 221 125x l80x 189s 
A257 226 lià 306s 186s 
SDIO 293s 132 2hl l8Us 
Blk 299s 159 231 1818 
A251 206 225s 271 177s 
W9 212 129 197 176s 
H51, 2ià 155 198 17iis 
W32° - 167 - 162 
B55 299 152 288s 161 
Oh29 26U 151 232 156 
A295 l65x ll8x 171x 153 
A297 211 162 228 U9 
C131A 251 llOx 2l9 1U8 
A239 277s 129 279 lli5 
W22 182 96% I69x liUtx 
^Within a given sampling date means followed by s were not signif­
icantly different from the best line in the test; means followed by x 
were not significantly different from the poorest line in the test (.05 
level, Duncan's New Multiple Range Test). 
^^2 failed to germinate in 1965. 
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Table 22 (Continued) 
Pedigree 
Sept. 2, : 
Dayton 
1965 August 16, 1966 August 12, 
Sanborn 
1965 August 11, 1966 
m)363 
A556 
A632 
C121E 
BI4I 
I52x 
202 
188 
231 
306s 
nlix 
87x 
lllx 
192s 
130 
135 
205 
202 
2lt8 
271 
lli3x 
136x 
131a; 
132x 
132x 
1205 
Oh5lA 
B6U 
N6 
W182B 
2U2 
211 
23lt 
251 
I67x 
129 
a? 
157 
119x 
71x 
28L 
211 
175x 
237 
161# 
I3OX 
I3OX 
129x 
125x 
12ijx 
ND385 
B2° 
0h07B 
ND33O 
A632 
201; 
292s 
199 
172x 
121x 
99% 
135 
68x 
99x 
l6lx 
291s 
I8lx 
220 
12ljx 
121x 
121x 
119x 
ll8x 
CI23 
Ala? 
N6D 
A509 
HI9 
198 
188 
215 
73x 
28U3 
128 
106x 
108x 
55x 
107x 
219 
206 
15IX 
170x 
2U2 
112x 
109x 
109x 
109x 
107x 
A575 
NDU05 
A629 
A3li 
Pa.L.Syn.® 
182 
I8lx 
178x 
73% 
189 
121x 
9Qx 
62x 
69x 
I60x 
18 6x 
199 
106x 
290s 
IOI4X 
77x 
75x 
72x 
Mean^ 
s ® 
X 
227.8 
25.5 
131.7 
20.8 
226.3 
25.5 
150.3 
20.8 
®B2 was substituted for Pennsylvania Late Synthetic in I966. 
^196$ means based on 38U plants (8/line); I966 means based on 392 
plants (8/line). 
^Standard error of inbred means. 
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average. HI? also performed well in 1965 in terms of pounds-pull but was 
in the bottom group at both locations in 1966. The low values for pounds-
pull in 1966 were the result of the fact that HI9 had a high damage rating 
at both locations in 1966 (ii.25 at Dayton and it.00 at Sanborn) and failed 
to recover adequately. These exceptions emphasize the fact that lines 
lAich were apparently tolerant, on the basis of a large root system under 
a light infestation, didn't always perform equally as well under a heavier 
infestation. Nine lines (A3li, A629, NDli05, A575, A509, N6D, ND330, 
ND385, and W182B) were statistically no better than the poorest line in 
the test in three out of four experiments on the basis of pounds-pull. 
Analysis of variance of pounds-pull was summarized by Table 23. 
Results indicated, that the variance in pounds-pull due to locations was 
significant at the .01 level in I966 but not in 1965. Means of Table 21 
indicated an average of 131.7 lb. at Dayton vs. 150.3 lb. at Sanborn in 
1966, but in 1965 the averages were 227.8 lb. vs. 226.3 lb. for Dayton and 
Sanborn respectively. As mentioned previously, the smaller average pounds-
pull at Dayton in I966 was the result of smaller root systems and a lack 
of extensive regrowth, both of idiich could be attributed to a lack of 
adequate soil moisture. Variance in pounds-pull due to lines was signif­
icant at tile .01 level for both years which indicated that these inbreds 
did differ in the average pounds required to pull a mature root system from 
the.soil. The significant (.01 level) locations x lines (AC) interaction 
indicated that, although varieties differed in their resistance to pulling 
force, this response was often different at the two locations (e.g. H71, 
HI9, and M0I7). 
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Table 23. Analysis of variance of pounds of pull required to remove 
mature root systems from the soil at Dayton and Sanborn during 
1965 and 1966 
Degrees of freedom Mean square 
Due to 1966 1965 1966 1965 
Locations (A) 1 1 67730** 453 
Reps,(B)/locations 6 6 12101** 17131** 
Lines (C)* li8 1^7 20961** 43229** 
AC li8 lt7 ii93li** 7683** 
Error 288 282 3U65 5228 
Sançling error 392 38iv 1758 2ii86 
Total 783 767 
^^significant at the .01 level; ^ significant at the .05 level. 
^1966 data based on it9 inbred lines; 1965 data based on h.8 inbred 
lines due to poor germination of TG2. 
The correlation coefficients of Table 2h were confuted using the 
varietal means of Table 22 and indicated that there were significant 
positive correlations (.01 level) among all combinations of years and 
locations for pounds-pull at maturity. This indicated that, although 
pounds-pull varied from one experiment to the next, the lines involved 
did maintain their approximate positions relative to the other lines in a 
given experiment. 
According to the data in Table 67, pounds-pull was correlated with 
damage rating, size rating, root volume, secondary-root rating, root num­
ber, damage percentage, diy weight, and lodging percentage. It was not 
consistently correlated with root angle, node number. Pounds-pull was 
correlated with root angle rating in 1966 but not in 1965, This was a 
86 
Table 2li. Correlations among years and locations for pounds-pull at 
maturity 
Dayton Sanborn 
Mgust 1965 August 1966 August 1965 August 1966 
^st 1965 - .563* .697 .557 
Dayton 1966 .563 - .560 .566 
Sanbom ^^S^st 1965 .697 .560 - .518 
banoom 1966 .557 .566 .518 
*AT1 coefficients were significant at the .01 level (.361 with 
U8 d.f.). 
result of increased destruction of the upper root-bearing nodes diich 
tended to have more horizontal crown-roots, thus leaving the roots of the 
lower nodes which often rated a four or five on angle. Thus, as rootworm 
damage increased root angle rating increased and pounds-pull decreased. 
The negative, significant correlation (.01 level) between pounds-pull and 
node number in 1966 was difficult to explain except for the observation 
that at least four of the lines with high pulling values (R105, B67, 
A265, and Mol7) were below average in the number of root-bearing nodes. 
The significant (.01 level) negative correlation between pounds-pull 
and damage rating (-.530 in 1965 and -.633 in 1966) indicated that, as a 
result of the reduction in root mass caused by rootworm feeding, pounds-
pull decreased as damage rating increased. Data from Table 25 and Figure 
13 verified this relationship but also indicated that a given range in 
pounds-pull did not always mean the same thing in terms of damage rating. 
This was especially true at Dayton in 1965 and could have been the result 
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Figure 13. Relationship between pounds-pull and damage rating 
Table 25. Average damage rating corresponding to a given interval of 
pounds-pull 
Pounds August 1965 August 1966 Number of 
pull Dayton Sanbom Dayton Sanbom Mean plants 
0- k9 2.50* 4.9U 5.00 4.72 32 
50- 99 2.25* U.50 3.91 U.26 4.03 207 
100-119 2.42 2.92 3.32 3.ia 3.18 312 
150-199 2.08 2.50 3.22 2.82 2.66 350 
200-2U9 2.01 1.98 3.08 2.5k 2.29 317 
250-299 1.73 1.82 3.20* 2.21 1.90 172 
300-319 1.85 1.70 2.50* 3.00 1.84 104 
350+ 1.75 1.58 2.00* - 1.66 58 
^ean based on ten or fewer plants and was not plotted on the 
accompanying figure. 
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of root rots which were more in evidence by September 2. Root rot would 
affect pounds-pull without affecting the damage rating. A damage rating of 
four or five usually involved a much greater loss in root mass than a dam­
age rating of three and this was probably the reason for the change in the 
slope of the lines which occurred between a rating of three and four. 
jQie significant positive correlation between size ratings and pounds-
pull (.$1^6 in 1965 and .653 in 1966) indicated that pounds-pull increased 
as the size of the root system increased. Figure lii indicated that the 
relationship between pounds-pull and size rating approached linearity, 
although there was usually a greater increase in pounds-pull between size 
ratings of four and five. Regression coefficients (b) indicated that in 
1965 for each increase of one size rating an additional 58.9 pounds of 
force was required to pull a root system from the soil; in 1966, 38,k addi­
tional pounds were required. As a result of more rootworm damage and 
drought stress, there were more smaller plants at both locations in 1966. 
Consequently, the increase in pounds-pull per increase in size rating was 
not as great for the smaller plants (Figure lit) and this was the reason for 
the difference in the regression coefficients between the two years. 
Root volume and diy weight both showed a similar relationship to 
pounds-pull as was indicated by the significant correlation coefficients of 
Table 67. The actual relationship between a given interval of pounds-pull 
and the corresponding magnitude of root volume was summarized by Figure 15 
and Table 27; the data in Table 28 and Figure 16 summarized the same rela­
tionship for dry weight and pounds-pull. One of the limitations with 
pounds-pull is that it is difficult to make con^arisons between sites and 
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Figure II4. Relationship between pounds-pull and size rating 
Table 26, Average size rating corresponding to a given interval of 
poTinds-pull 
Pounds August 1965 August 1966 Number of 
pull Dayton Sanbom Dayton Sanbom Mean plants 
0- h9 1.33* 1.06 1.69 1.34 32 
50- 99 1.38* 1.61 1.89 2.38 2.04 207 
100-lii9 2.50 2.71 2.97 3.29 2.98 312 
150-199 3.18 3.16 3.49 4.20 3.54 350 
200-219 3.63 3.64 4.33 4.45 3.94 317 
250-299 li.08 U.08 4.70* 4.68 4.18 172 
300-319 U.29 U.35 5.00* 5.25* 4.36 104 
350+ U.iiO 5.03 5.50* - 4.82 58 
%ean based on ten or fewer plants and was not plotted on Figure lU. 
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Figure 15. Relationship between pounds-pull and root volume 
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Table 27. Average root volume corresponding to a given interval of pounds 
pull 
Pounds August 1965 August 1966 Number of 
pull Dayton Sanborn Dayton Sanborn Mean plants 
0- 49 K 6 20 13 32 
50- 99 13* 18 17 3k 24 207 
100-149 3k 37 36 52 la 312 
150-199 44 44 51 76 55 350 
200-249 56 58 95 101 73 317 
250-299 72 72 103* 109 78 172 
3OO-3U9 85 83 84* 142* 86 104 
350+ 85 93 210* - 95 58 
%ean based on ten or fewer plants and was not plotted on Figure 15. 
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Figure l6. Relationship between dry weight and pounds-pull 
Table 28, Average dry weight (g) of crown roots corresponding to a given 
interval of ponnds-pull 
Pounds August 1965 August 1966 Number of 
pull Dayton Sanbom Dayton Sanbom Mean plants 
0- U9 2.5* 1.5 5.3 3.1 32 
50- 99 2.6* 5.2 k.5 8.0 5.8 207 
100-lii9 8.0 9.9 9.U 12.2 8.0 312 
150-199 10.9 11.6 13.ii 17.8 13.7 350 
200-219 IU.2 lk.5 27.2 23.5 18.5 317 
250-299 I8.ii 17.8 2L.6* 25.9 19.3 172 
300-319 22.0 22.1 20.3* 31.1* 22.ii lOli 
350+ 23.0 22.8 13.8* •• 23.5 58 
•"Mean based on ten or fewer plants and was not plotted in Figure 16. 
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years because of the variations in soil type, compaction, and moisture. 
For exai^le (Figure l5), in 1965 pounds-pull showed an apparent linear 
relationship with root volume and dry weight and as was indicated by the 
coefficient of linear regression (b), there was an increase of 1.68 pounds-
pull for each increase of 1 ml of root volume. In 1966 the relationship 
was more curvilinear with a noticeable decrease in the slope of the line 
between 100 and 200 pounds and .89 additional pounds of pull were required 
for each increase of 1 ml in root volume. The data in Tables 27 and 28 
indicated that there was also a general trend for a given interval of 
pounds-pull to correspond to a greater root volume and dry weight in 1966. 
For exançle, the 200-2lt9 lb. interval corresponded to 58 ml and lii.5 g of 
crown roots at Sanborn in 1965 and 101 ml and 23.5 g at Sanborn in 1966. 
In 1966 the soil at Sanborn was more friable and there was more rainfall 
during July and August and consequently the plants pulled with relative 
ease. 
Althou^ damage percentage was significantly correlated with pounds-
pull (-.li39 both years), the data in Table 29 and Figure 17 indicated that 
each year and location was unique in respect to this relationship. The 
general relationship was an increase in pounds-pull with a decrease in 
damage percentage and this was true even within the small interval of dam­
age percentage at Dayton in 1966 (5W to 62%). Differences in the slopes 
of the lines of Figure 17 most likely reflected differences in pounds-pull 
caused by variations in soil texture and moisture. The shift of the curves 
to the light in 1965 reflected lower damage percentages as a result of 
lower rootworm populations. 
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Figure 17, Relationship between pounds-pull and damage percentage 
Table 29. Average damage percentage corresponding to a given interval of 
pounds pull 
Pounds August 1965 August 1966 Number of 
pull Dayton Sanbom Dayton Sanbom Mean plants 
0- U9 29* 62 72 63 32 
50- 99 29* 63 62 60 60 207 
100-149 36 39 57 53 Sh 312 
150-199 31 30 56 hS 45 350 
200-249 29 24 5U 40 3U 317 
250-299 21 18 50* 32 23 172 
300-349 20 16 46* 28* 19 104 
350+ 21 15 , 63* - 19 58 
*Mean based on ten or fewer plants and was not plotted on Figure 17, 
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In 1965 the significant negative correlation (-.073, .05 level) be­
tween secondary-root rating and pounds-pull indicated that in the absence 
of significant rootworm damage secondary roots were not a critical factor 
affecting pounds-pull. For example, the data of Table 30 and Figure 18 
showed only a slight increase in the average number of secondary roots as 
pounds-pull increased from 200 to 350 pounds, and the systems at Dayton 
which required over 350 lbs. had fewer secondary roots than those which 
required 300 to 350 lbs. pull. As mentioned previously (p. 8o), as damage 
percentage increased in 1966 there was a decrease in the number of secondary 
roots present, mainly as a result of the reduction in the area of crown 
roots from which secondary roots could originate. As a result of this 
effect of the larger rootworm populations on secondary-root development, a 
significant positive correlation (r=.i(ii2) was obtained between pounds-
pull and secondary-root ratings in 1966. 
It has often been suggested that the process of pulling a root system 
from the soil would result in the breaking off of many crown roots, thereby 
reducing the root mass available for evaluation. In 1965, half of the 
mature root systems were pulled and the other half were dug using a 
modified turf-patcher, with an 8-inch diameter, which was inserted in 
the soil to a 7-inch depth (Figure 10); this gave a sarple of about 352 
cubic-inches. The 1965 results were summarized by Table 31 and indicated 
that there were no significant differences in root number, root volume, 
dry weight, or size rating between the dug and pulled plants within 
each location. In 1966 half of the root systems were dug using a spade 
with a 7-inch blade inserted in the soil to a depth of 7 inches on 
all four sides of the plant (314-3 cu. inch sançle). Data in Table 32 
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Figure I8. Relationship between pounds pull and secondary root rating 
Table 30. Average secondary root rating corresponding to a given interval 
of pounds pull 
Pounds August 1965 August 1966 Number of 
pull Dayton Sanborn Dayton Sanborn Mean plants 
0- U9 1.00* 1.12 1.62 1.31 32 
50- 99 1.25* 1.61 2.03 1.86 1.90 207 
100-1L9 2.61 2.72 2.95 2.39 2.71 312 
150-199 3.00 2.56 3.36 3.30 3.06 350 
200-2ii9 3.27 2.72 1.19 3.71 3.37 317 
250-299 3.32 2.91 k.So* 3.68 3.27 172 
300-319 3.67 2.91 a.00* k.25* 3.36 lOli 
350+ 3.ho 3.72 5.00* - 3.66 58 
*Mean based on ten or fewer plants and was not plotted in Figure 18. 
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Table 31. Comparison of average root mass of mature root systems dug with 
modified turf patcher and root mass of pulled plants in 1965 
Dayton Sanborn Significance 
Criterion Turf Turf range 
patcher Pulled patcher Pulled .05 level 
Root number 5k* 5k 59 60 1.00 
Root volume 59.3 58.9 57.5 58.8 2.U9 
Dry weight lii.6 lii.9 lli.8 15.1 ,6k 
Size rating 3.59 3.59 3.59 3.58 .11 
Underlined means within a given location were not significantly 
different (.05 level, Duncan's New Multiple Bange Test). 
Table 32. Comparison of the average root mass of mature root systens dug 
with a seven-inch spade and the root mass of pulled plants in 
1966 
Dayton Sanborn Significance 
Criterion range 
Dug Pulled Dug Pulled .05 level 
Root number 50* 50 6k 63 1.10 
Root volume 36.1i U3.0 77.2 67.0 k,02 
Dry weight 9.6 11.1; 17.8 15.6 1,0k 
Size rating 2.78 2.96 3.76 3.58 .Ik 
^Underlined means within a given location were not significantly 
different (.05 level, Duncan's New Itiltiple Range Test) all other means 
were significantly different. 
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indicated that there was no significant difference in the number of crown 
roots between the dug and pulled plants; the root mass as measured by 
volume, dry weight, and size rating varied. There was considerably more 
lodging at Sanborn than at Dayton (Table 33) and this made it difficult for 
the individual digging plants to obtain an accurate seven-inch cube sample 
(3U3 cu. inches) around the plant. As a result the dug sançles tended to 
be larger than 3h3 cubic inches and consequently had a significantly greater 
mass of crown roots than the pulled root systems. At Dayton a different 
individual dug the plants and it was found, because of the extremely dry 
soil conditions and the generally smaller root systems, that in most 
instances it was sufficient to insert the spade on only two sides of the 
plant to remove the root system from the soil. As a result, the average 
mass of the dug root systems was significantly smaller (.05 level) than the 
average mass of the pulled systems. These results emphasize the importance 
of using a consistent method (same tool, same individual) of digging plants 
^ere it is desirable to make coiq>arisons in root mass between experiments. 
Lodging percentage 
Lodging data has been used extensively in evaluating the varietal 
response of com lines to a rootworm infestation and in evaluating the 
effectiveness of soil insecticides in controllii^ rootworm populations. 
The efficacy of lodging data rests on the assunçtion that root lodging 
increases as rootwoim damage increases. 
Stand and lodging counts were made at Dayton and Sanborn during 1966. 
The average mid-August lodging percentage data for the two locations was 
summarized by Table 33. It will be recalled from preceding sections that 
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Table 33» Average mid-August lodging percentage at Dayton and Sanborn 
during 1966 
Pedigree Dayton Sanborn Pedigree Dayton Sanborn 
H71 iSs* Os C121E 2s U9 
A265 17s 6s H51 Os 60x 
ND2187 8s 9s A632 8s 60x 
A251 2s lis ND385 U6 62x 
Al+01 12s 16s CI3IA 8s 6Ux 
HD2286 Os 21s A239 30 66x 
38-11 Us 2Us W9 35 68x 
A632 8s 2Us N6D 2Us 70x 
RIO5 23s 26 s B6U Us 72x 
A295 9s 27s CI23 16 s 72x 
ND363 Os 27s 1205 12s 75x 
SDIO Os 28s BUI 26s 75% 
BlU lis 29s W182B uu 78x 
B2 3s 308 B55 55x 83x 
A556 Us 32s H19 3U 83X 
A509 36 33s Oh29 U8 8Ux 
W32 Us 33s A575 19s 87x 
B67 7s 35s NDU05 U6 90x 
M0I7 19s 36s A629 37 95x 
Aia7 9s 38s N6 30 98x 
A257 21s UOs 0h07B 52x lOOx 
A297 7s U3s ND33O 5Ux lOOx 
Oh56ATEF 16s UUs A3U 78x lOOx 
Oh5lA Os UUs 
W22 22s U6 Mean 19.7 51.8 
M0I3 2s U8 s ^ 
x 
7.8 12.8 
r=.688° 
^Within a given location, means followed by s were not significantly 
different from the best line in the test; means followed by x were not 
significantly different from the poorest line in the test (.05 level 
Duncan's New Multiple Range Test). 
^Standard error of an inbred mean. 
"^Coefficient of correlation calculated between lodging percentage at 
Dayton and Sanborn (significant .01 level). 
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there was a lower damage percentage at Sanborn (ii9.U vs. $8,9 for Dayton) 
but a greater diy weight of roots (16,7 g vs. 10«5 g) and more crown roots 
(62,9 vs. 50.1). On the basis of rootwom damage and root mass, one would 
have predicted that there should have been more lodging at Dayton, This 
was not the case, as the means of Table 32 indicated—there was more 
lodging at Sanborn. Root lodging at Sanborn was aggravated by the wind and 
rainstorm of July 26, The e^çeriment at Dayton did not experience a 
similar storm during the growing season and therefore had less lodging in 
spite of generally smaller root systems and more rootworm damage. The sig­
nificant correlation (r=.688) between the lodging data from the two sites 
indicated that the performance of a line in respect to lodging percentage, 
relative to the other lines in the experiment, teided to be similar between 
these two locations. Several lines were not statistically different from 
the best line in the test in respect to lodging percentage at both loca­
tions. H71, A265, HD2187, A2$l, and AltOl were consistently low in lodging 
percentage at both locations. 
Analysis of variance of lodging percentage for each location was 
summarized by Table 3k» Variance due to lines and replications was signif­
icant (.01 level) at both locations. Data in Table 32 showed a wide range 
in lodging among varieties at both locations. The significant difference 
due to replications is difficult to e^lain on the basis of the available 
data. It mig^t reflect non-uniform distribution of the rootworm population, 
sheltering effect of border rows, and differences in root mass, root angle, 
and secondary roots caused by variations in soil moisture and texture over 
the four replications* 
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Table 3U. Analysis of variance of 1966 lodging percentage for Dayton and 
Sanborn 
Degrees of freedom Mean square 
Dayton Sanborn Dayton Sanborn 
Lines kB W 1371;** 3182** 
Heplications 3 3 823* 10712** 
Error lià lià 2U7 651 
Total 195 195 
•^significant at the .01 level; ^significant at the .05 level. 
Correlations between lodging percentage and the other evaluation 
criteria were summarized by Table 67» Significant negative correlations 
were obtained with size rating, secondary-root rating, diy weight, and 
pounds-pull; the correlation with root volume approached significance at 
the .05 level. These data indicated that as root mass increased, lodging 
percentage decreased. The highly significant negative correlation (.01 
level) with secondary-root rating indicated that the tenacity between the 
root system and the soil increased greatly as the total root surface in 
contact with the soil increased. As a result of this increased tenacity, 
there was a trend toward a decrease in lodging associated with an increase 
in secondary roots. Positive,significant correlation (.01 level) was 
obtained between root-angle rating and lodging percentage. This indicated 
that lines which tended toward a more horizontal root system lodged less 
than lines with a more vertical root system. This was probably the result 
of the greater bracing effect of a more horizontal root system and the 
101 
tendency for systems with a larger root mass to inherently have a more 
horizontal conformation. Lodging percentage was not significantly cor­
related with damage rating, damage percentage, or node number. These 
results indicated that rootwom damage would be an inçortant factor in 
lodging only if it substantially affected root mass, root angle, or number 
of secondaiy roots. 
Importance of relative maturity 
The relative maturity of the lines in this experiment was estimated by 
recording the number of days from planting to $0$ silk of each line at 
Dayton and by recording the days from planting to $0$ pollen shed at San-
bom. The highly significant correlation coefficient (r=,95?) indicated 
that these two methods did not differ in their ability to estimate the 
relative maturity of these lines. The relative maturity of the lines in 
the test was summarized Table 35 and indicated that the lines in the 
eaçeriment ranged from $8 to 8U days to $0$ pollen shed or $0% silk. Data 
in Table 67 indicated that significant positive correlations were obtained 
between days to silk and size rating, root volume, secondary-root rating, 
root number, diy weight, and pounds-pull. These correlations reflected the 
fact that lines which extend their vegetative growth over a longer period 
have greater opportunity to produce more root mass. As a result, there was 
a tendency toward an increase in root mass with an increase in days to 
silk. The lack of significant correlation between node number and days to 
silk was not surprising, because as indicated previously, node number was 
not consistently correlated with any of the criteria related to root mass, 
except root number. Days to silk gave significant negative correlations 
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Table 35» Relative maturity of inbred lines in experiment as measured by 
days to 50 percent pollen shed at Sanborn and $0 percent silking 
at Dayton^ 
Number of days Number of days 
Pedigree Dayton Sanborn Pedigree Dayton Sanborn 
A509 58 . 60 B55 73 72 
A575 60 60 A239 69 72 
A3U 60 62 A297 71 72 
ND385 6U 62 N6 73 73 
A629 63 62 H71 73 73 
ND330 6k 63 Blii 71 73 
ND363 60 63 N6D 75 73 
SDIO 65 63 M0I7 73 73 
NDU05 61 6k HI9 70 7k 
A#6 61 6k Bkl 73 7k 
W182B 63 6k ¥22 71 7k 
Ala? 63 6k B67 75 75 
A632 65 65 HD2187 75 76 
A251 63 65 0h07B 77 76 
A295 67 66 38-11 79 78 
Oh56ATRF 66 66 B61i 80 78 
A265 67 67 EI05 81 78 
1205 68 67 Oh29 82 79 
A632 65 67 HD2286 83 80 
AiiOl 70 68 C121E 80 80 
A257 69 68 CI3IA 81 81 
CI23 69 68 B2 81i 83 
W32 69 68 H5l 8k 8k 
Oh5lA 69 70 M0I3 81 8k 
W9 7k 71 
Correlation coefficient calculated between these two methods of 
estimating relative maturi"^ was •957» 
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TÔ-th damage percentage and root-angle rating. The negative correlation 
between days to silk and damage percentage was the result of continuing 
root growth following the period of rootwona activity and the fact that 
later-maturing lines in general had more root mass over which rootworm 
damage could be distributed. Greater root mass for later-maturing lines 
also explained the significant negative correlation between days to silk 
and root angle rating. It was observed above, that larger root systems 
tended to have a more horizontal conformation. Lack of significant cor­
relation between damage rating and days to silk indicated that, in this 
experiment, rootworm damage was independent of the maturity of the lines 
involved. These data stress the importance of grouping lines by maturities 
lihen making comparisons based on vegetative characteristics, such as root 
mass. 
Qualitative Methods 
Damage rating 
Hypothetically, damage ratings should give estimates of the relative 
amount of rootworm damage on a root system (1 — slight rootworm damage, 
6 — severe damage, see p. 2U) and should not be directly affected by 
regrowth as was damage percentage. The highly significant positive cor­
relations of «565 and .622 (Table 6?) between damage rating and damage 
percentage indicated that these two criteria were closely related; con­
sequently, the discussion of damage rating will be similar to that for 
damage percentage. 
Average damage ratings lines at mid-season and maturity during 1965 
and 1966 were summarized by Table 36. The average damage ratings for 1965 
lOil 
Table 36. Average damage rating at mid-season and maturity during 1965 
and 1966 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
lit/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
ELU 1.38* 2.75S^ 2.75x^ 2.38s 1.60s 3.06s 3.OOX 2.iiiis 
A632 1.50 3.00s 1.62s 2.50s 1.68s 3.50sxb 1.68s 2.bb8 
B61t 1.62 2.75S 1.62s 2.38s 1.62s 2.88s 2.00s 2.50s 
H71 1.50 3.128% 2.12s 3.25sx 2.12SX 3.5OSX 2.00s 2.50s 
A265 2.12 lt.l2x 2.12s 2.50s 2.06sx li.31x 2.06s 2.62s 
HD2187 1.38 3.12SX 2.38SX 2.25s 1.8ls 3.62X 3.12X 2.69s 
B67 1.50 2.88s 1.88s 2.62s 1.81s 3.19s 2.12s 2.69s 
A257 1.38 2.50s 2.383% 2.88s 2.00sx 3.25s 1.9Lx 2.69s 
HD2286 1.25 3.00s 1.75s 2.62s 1.81s 3.38s 1.88s 2.81s 
A251 1.62 2.75s 1.62s 3.12SX 1.88sx 3.00s 1.75s 2.8ls 
A297 1.25 2.38s 2.00s 2.75s 1.88sx 3.5OSX 2.00s 2.9lis 
B55 1.62 3.12sx 2.25s 2.62s 2.00SX 3.88X 2.00s 3.00s 
A509 1.50 3.12SX 2.12s 2.75s 2.3ISX U.19X 2.18s 3.06s 
ND330 1.38 2.75s 1.62s 2.25s 2.00SX 3.5OSX 2.25s 3.06s 
ND385 1.88 3.00s 3.OQX 2.75s 2.68x 3.Wl8 3.18X 3.06s 
Iowa 205 1.50 2.25s 2.12s 2.75s 2.00SX 2.75s 2.06s 3.06s 
M0I7 1.25 3.00s 2.25s 3.00s 1.88sx 3.Uis 1.75s 3.06s 
AliOl 1.62 3.00s 2.62sx 3.62X 1.50s 3.38s 2.62X 3.12s 
A239 1.62 3.12sx 1.50s 2.38s 2.00SX 3.12s 1.50s 3.12s 
SDIO 1.50 3.38sx 2.12s 2.88s 1.9Usx 3.25s 2.00s 3.12s 
EI05 1.38 3.38sx 2.62sx 2.88s 1.68s 3.62x 2.18s 3.12s 
W9 1.75 3.5osx 2.00s 3.00s 2.06sx 3.50sx 2.5ox 3.19s 
H51 1.50 2.88s 3.25x 2.62s 2.l8sx 3.56x 2.81% 3.19s 
W22 1.50 3.5osx 3.5ox 3.5osx 2.06sx 3.8IX 2.75x 3.19s 
>02® - 2.38s - 2.88s - 3.19s - 3.25s 
^No significant differences (.05 level, Donean's New Multiple Eange 
Test) among means on this date. 
^eans followed by s were not significantly different from the best 
line in the test; means followed by x were not significantly different from 
the poorest line in the test; sx means did not differ significantly from 
either the best or poorest line in the test. 
®W32 failed to germinate in 1965 
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Table 36 (Continued) 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
lit/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
N6 1.38 2.62s 1.75s 2.88s 1.62s 3.06s 1.818 3.25s 
Oh56ATRF 1.50 3.258% 2.25s 2.38s 1.9bsx 3.81x 2.25s 3.31s 
A632 1.62 3.00s 1.88s 2.75s 1.9lisx 3.12s 1.75s 3.31s 
A556 1.12 2.88s 2.62sx 2.62s 1.8ls 3.56x 2.iUjx 3.38s 
A295 2.25 3.5OSX 2.62sx 3.62x 2.19SX ii.OOx 2.62x 3.38s 
ala7 1.50 3.38sx 2.5osx 3.12SX 2.00sx 3.69X 2.56x 3.38s 
W182B 1.88 b.l2x 2.62sx 2.75s 1.9ksx il.i&X 2.12s 3.iiii 
C121E 1.62 3.5osx 1.75s 3.5osx 1.9ltsx 3.69x 2.8IX 3.16 
CI3IA 1.75 ii.OOx 1.88s it.l2x 2.50x li.38x 2.5ox 3.56 
0h07B 1.88 3.12SX 1.75s 3.00s 1.88sx 3.56x 1.88s 3.56 
M0I3 2.12 3.50sx 2.62sx 3.12SX 1.75s 3.31s 2.75X 3.56 
0123 1.38 3.38sx 1.62s 3.00s 2.06sx 3.38s 1.68s 3.56 
B2^  - 3.12SX - 3.75x - 3.62x - 3.56 
Bid 1.12 2.38s 1.75s 2.758 1.75s 2.56s 1.8ls 3.62 
A3k 1.88 i;.12x 3.OOX 3.25sx 2.5ox 3.69x 3.19X 3.69 
ND363 2.12 2.50s 2.38sx 3.38SX 1.9bsx 3.38s 3.18x 3.69 
38-11 1.38 2.50s 1.88s 3.25sx 2.00SX 3.9bx 1.68s 3.69 
Oh29 2.00 3.88% 1.75s 3.62x 1.68s ii.idix 2.06s 3.75 
N6D 1.88 2.75s 2.75x 3.88% 2.06sx 3.ipUs 2.38x 3.75 
A575 1.62 3.25ax 2.62sx 3.5osx 2.06sx 3.19s 2.88x 3.88 
HI9 1.62 ii.25x 2.00s 3.25sx 2.38X b.25x 2.06s U.OOx 
Oh5lA 1.75 ii.38x 2.12s 3.88x 2.25sx ii.OOx 2.128 k.lZz 
NDit05 1.75 3.25sz 2.00s L.38X 2.12SX 3.62x 2.25s ii.iiipc 
A629 a 1.25 3.25sx 2.00s 2.75s 2.06sx 3.5osx 2.25s ii.8dx 
Pa.L.Syn. 2.25 - 1.88s - 2.29SX - 1.81s -
Mean® 1.60 3.16 2.19 3.01 1.90 3.5ii 2.22 3.26 
s ^  
x 
.33k .387 .331 .387 .236 ,27k .236 .271* 
^2 was substituted for Pennsylvania Late Synthetic in 1966. 
®J"aly 1965 means based on 3% plants (8/line), July I966 mean based 
on 392 plants (8/line); August 1965 means based on 768 plants (l6/line), 
August 1966 means based on 78k plants (l6/line). 
f 
Standard error of inbred mean. 
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were generally quite low and were the result of the low rootworm population 
at both locations. In I966 the average damage ratings were considerably 
greater as a result of larger rootworm populations (14 larvae/plant at 
Dayton, 30 larvae/plant at Sanborn). Data in Table 36 indicated that in 
spite of a lower larval population more damage occurred at Dayton. It will 
be recalled (Table ll|), that there was considerably less root dry weight at 
Dayton in 1966 (10.5 g vs. 16.7 g at Sanborn). As a result, there was less 
root mass over which to distribute rootworm feeding and consequently damage 
ratings were higher. These data illustrate: the importance of considering 
the relative root mass of com varieties idien discussing economic levels of 
rootworm infestation, the interaction of rootworm population levels and 
their effects on the com root system as it is affected by drou^t condi­
tions, and the significance of tolerant varieties in reducing rootworm 
damage. 
As was the case with damage percentage, standard errors of inbred 
means for damage ratings were of the same magnitude. The larger standard 
errors in July were the result of fewer plants entering into a varietal 
mean (8 in July vs. I6 in August). The relatively large standard errors 
made it difficult to detect statistical differences among lines. For 
exauçle, a difference in damage rating of from 1.2 to 1.3 was necessary for 
a significant difference (.05 level, Duncan's Test) among July means and a 
.82 to .95 difference was required for significant difference among the 
August means. As a result the groups of lines not significantly different 
from the best line or from the poorest line in a test were large. B6!i, 
B67, HD2286, and N6 were the only lines in the "s" group on all sançling 
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dates. A632, A2$l, ND330, 1205, SDIO, and W32, were in the "s" group 
on six of the eight sampling dates and were never in the "x" group. 
Analysis of variance of damage ratings for 1965 and 1966 were summa­
rized by Table 37. Variance caused by differences in locations was signif­
icant in 1965 but not in 1966, Comparison of the means for the two loca­
tions indicated an average damage rating of 3«ill at Dayton in 1966 vs. 3*18 
at Sanborn; in 1965 the average damage rating at Dayton was 1.86 vs. 2.21 
at Sanborn, Although the general rootworm population was quite low at both 
locations in 1965, there were certain areas of the Sanborn experiment which 
had higher larval populations as evidenced by higher damage ratings and a 
significant reduction in root mass in these areas. In addition, the mean 
square for locations was tested against the mean square for reps/locations 
(p. 37) which was much smaller in 1965. The variance in damage ratings 
attributable to differences among the lines was significant in both years. 
The variance caused by differences in damage ratings on the different 
sajiçling dates (D) and the variance attributed to the lines x dates (CD) 
interaction was not significant. This was the result of the fact that 
after mid-July the larval population was decreasing and consequently there 
was not a large increase in damage between mid-July and mid-August. 
The significant locations x lines (AC) interaction indicated that the 
damage rating of a given variety depended somewhat on the location. Data 
in Table 36 indicated that most lines had more damage at Sanborn in 1965 
and in I966 most lines had more damage at Dayton, The raesm square for the 
locations x dates (AD) interactions was significant in 1965 but not in 1966, 
Data in Table 36 indicated that the average damage rating at • Dayton in 1965 
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Table 37. Analysis of variance of damage ratings for 1965 and 1966 
Degrees of freedom Mean square 
Due to 1966 1965 1966 1965 
Locations (A) 1 1 31.22 71.191** 
Reps (B)/locations 6 6 31.3a** 2.290* 
Lines (C)& k8 1*7 6.0k** 3.359* 
San^ ling dates (D) 2 2 27.52 IO.3IL 
CD 96 9k .61 .W.6 
AC U8 kl 2.79** 1.885** 
AD 2 2 1.66 8.016** 
ACD 96 9k .73 .boo 
Error 876 858 1.20 .892 
Sai^ ling error 1176 1152 .76 .322 
Total 2351 2303 
^significant at the ,01 levelj ^significant at the .05 level. 
^1966 data based on li9 inbred lines; 1965 data based on li8 inbred 
lines due to poor germination of "fcî32. 
increased from I.60 at mid-July to 1.90 on the last sampling date lAiile the 
increase at Sanborn vas much less (2.19 in July to 2.22 in August). 
The correlations among sites, years, and sampling dates for damage 
ratings were summarized by the data in Table 38. These correlations were 
confuted using the means of Table 36. The Bay ton data were well correlated 
both within and between years and sampling dates which indicated that the 
lines gave a similar response to the rootworm infestation at Dayton. At 
Sanborn damage ratings were significantly correlated (.01 level) within 
years, but there was no correlation between the 1965 and I966 data. Data 
in Table 36 indicated that at Sanborn many of the lines not significantly 
different from the poorest line in 1966 (e.g. HI9, Oh5lA, 11DU05, and A629) 
Table 38. Correlations among sites, years, and sampling dates for damage rating 
Dayton 
196$ 1966 
July August July August 
Sanborn 
196$ 1966 
July August July August 
July 1965 
August 1966 
Sanborn 
July 1965 
August 1965 
July 1966 
August 1966 
w, .281* .477** .399** .183* .379** .1*17** .21*1*^ 
281* — .1:08** .1*05** .210* .351* .308* .31*1** 
U77** .1*08** mm .72U** .136 .166 .350* .361*** 
399** .ii05** .1*08** - .166 .138 .311** .283* 
183 .2Wi .136 .166 .760** .11*0 .031* 
379** .351* .166 .138 .760** - .207 .170 
iil7** .308* .350* .31k* .11*0 .207 — .659** 
2liU .3Wi* .361*** .283* .031* .170 .659** -
*signifioant at the .05 level (.279 with 1*8 d.f,). 
**significant at the .01 level (.361 with U8 d.f.). 
®Unstarred coefficients were not statistically significant at the .01 or .05 level. 
no 
were not significantly different from the best line in 196$, In general, 
fewer significant correlations were obtained between sites, although there 
was a tendency for the July means to give better correlations with the 
means from the other sites. For example, the July 1966 data from Sanborn 
were significantly correlated with the data from all four dates at Dayton. 
As was the case with damage percentage, the general lack of correlation 
indicated that idien studied at different locations and years the lines used 
in this experiment were not occupying the same position relative to the 
other lines in the test in regard to their response to rootworm damage as 
measured by damage ratings, this lack of correlation can probably be 
attributed to a general lack of antibiosis among the lines tested and the 
fact that the low populations in 196$ did not cause sufficient damage to 
result in differential responses of the lines to rootworm damage. 
According to the data in Table 6?, damage ratings gave significant 
negative correlations (.01 level) with size rating, root volume, dry weight, 
and pounds-pun in both years. This indicated that in general root mass 
decreased as rootworm damage increased. As was expected, damage rating was 
significantly correlated (.01 level) with damage percentage, Secondaiy-
root ratings were significantly, negatively correlated with damage ratings 
in 1966 but not in 196$, indicating that as rootworm damage increased fewer 
secondary roots were present. As a result of much larger rootworm popula­
tions in 1966, the decrease in secondary roots was probably the result of a 
significant reduction in crown-root surface area from idaich secondary roots 
could originate. In 1966, root-angle rating increased as damage ratings 
increased. As the rootworm population increased there was increased 
destruction of the more horizontal crown roots of the upper nodes, thus 
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leaving the more vertical crowi roots of the lower nodes. Damage ratings 
were not correlated with root number, lodging percentage, or days to silk. 
As was indicated by the significant negative correlations in 
1965 and in 1966) of Table 67, size ratings decreased as damage 
ratings increased. This relationship was summarized by Figure 19 and 
Table 39* Figure 19 indicated that between damage ratings of two and five 
there was an approximate linear relationship between damage rating and 
size rating. This relationship apparently was not applicable for the 
interval between damage ratings of one and two as was indicated by the lack 
of decrease in root size for this interval. As indicated lo/y the coeffi­
cients of linear regression (b), size ratings decreased .51* in 1966 and 
.36 in 1965 for every increase of one damage rating. The difference in the 
Table 39. Average size rating corresponding to a given damage rating 
during 1965 and 1966 
Damage Rating 
3 h 
Dayton 3.76 3.08 2.32 1.75* 
Sanborn 3.61 3.68 3.06 2.07 1.59 1.00* 
Dayton 3.00* 3.13 2.W1 1.63 1.22 1.00* 
Sanborn Loo* 3.70 2.86 2.1k 1.1*2 1.25* 
Mean 3.1*8 3.i|2 2.70 1.88 1.35 1.1*1* 
No.PI. 262 615 385 11*2 106 12 
Dayton 3.90 3.67 2.86 3.00* • -
Sanborn 3.85_ 3.86 3.09 2.57 1.96 2.25* 
Dayton 1.00* 3.49 3.12 2.70 2.17 1.88 
Sanborn lt.i»6 ii.a 3.86 3.0b 2.77 2.16 
Mean 3.89 3.81* 3.35 2.80 2.38 2.07 
No.PI. 289 1222 932 3li7 21*2 72 
1965 
July 
1966 
1965 
August 
1966 
"mean based on ten or fewer plants and was not plotted on Figure 19. 
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Figure 19. Relationship between damage rating and size rating 
coefficients between the two years was probably the result of generally 
larger root systems (averaged over locations) and fewer plants rating U's 
and 5's for damage in 196$. In general the size ratings corresponding to 
a given damage rating were smaller in July and reflected lack of regrowth 
at that time. The general increase in size ratings corresponding to a 
given damage rating at Sanborn in August of 1966 was the result of sub­
stantial root growth after the peak of the infestation. Table 39 indicated 
that (summed over years) the greatest number of plants were rated as 2's 
or 3's for damage. The means indicated a definite decrease in size as 
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damage increased and also a definite increase in the size rating corre­
sponding to a given damage rating in August as compared to the same relation­
ship in July. 
Because root volume and dry weight were closely related criteria, thqr 
showed a similar relationship to rootworm damage. Correlation coefficients 
of Table 6? indicated that root volume and dry weight decreased as damage 
ratings increased. Figures 20 and 21 indicated that the decrease in root 
volume and dry weight as damage increased was not a true linear relation­
ship. Examination of the plotted data showed three definite breaks in the 
slope of the lines. In most instances there was no appreciable difference 
in root volume and dry weight of systems iriiich rated one and two for dam­
age. This indicated that a small amount of rootworm feeding did not pro­
duce a detectable change in the mass of the root system. The greatest 
decrease in root volume and diy weight corresponding to an increase of one 
damage rating occurred between ratings of two and three, with relatively 
less root mass being lost at damage ratings of three and above. The small 
increase in root dry weight and volume as damage ratings increased from 
four to five at Sanborn in August of 1966 was difficult to explain. The 
fact that this relationship was not true in July suggested an interaction 
with the excellent regrowth at Sanborn in 1966, For exançle, several lines 
which had damage ratings of five in August actually had more diy weight and 
volume than plants iriiich rated four (e.g. average volume of plants from 
38-11 which rated four was 79.5 ml irtiile average of same number of plants 
which rated five was 123 ml). There was a significant shift toward more 
root volume and diy weight per damage rating at Sanborn in August of 1966, 
again reflecting ideal conditions for regrowth. In general, as a result 
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Figure 20. Relationship between damage rating and root volume 
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of continued root growth between mid-July and mid-August, the July root 
systems had less volume and diy weight per damage rating. Although the 
relationship between the two criteria was most likely non-linear, the 
regression coefficients should give some indication of the relative de­
crease in root mass with increasing damage. In 1965, the coefficient of 
linear regression (b) showed a decrease of 5.U ml of root volume and a 
decrease of 1.1 g dry weight for each increase of one damage rating. In 
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Figure 21. Relationship between damage rating and diy weight 
1966 root volume decreased 10.1 ml as root dry weight decreased 2.3 g 
for each increase of one damage rating. The difference in the regression 
coefficients between the two years probably reflected the much higher 
larval populations and the substantially lower average root mass at Dayton 
in 1966. 
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Means of Tables 40 and Ul indicated a decrease in root volume and dry-
weight as damage increased. There was also a substantial increase in vol­
ume and dry weight corresponding to a given damage rating in August as com­
pared to July and this reflected continued growth of the root system during 
this period. These results suggested that the most accurate estimate of 
reduction in root volume and diy weight, resulting from rootworm damage, 
would be obtained in July. Comparison of July root mass with August root 
mass will give some estimate of a linefe ability to recover. 
Table 6? indicated that damage rating was significantly, positively 
correlated with damage percentage (.565 in 1965, .622 in 1966, .01 level). 
Data in Table k2 indicated that there was a definite increase in damage 
percentage with increasing damage rating on all saaçling dates. Comparison 
of July and August means indicated that there was usually a slight 
Table 1;0. Average volume corresponding to a given damage rating during 
1965 and 1966 
^ ^ Damage Ratigg 
1965 
1966 
1965 
August 
1966 
Dayton 23 20 13 5* - -
Sanborn it3 h3 31 2k 17 9* 
Dayton 2U* 28 20 13 9 3* 
Sanborn 36* h2 29 20 12 9* 
Mean 29 3k 25 16 11 8 
No. PI. 262 6U5 385 llt2 106 12 
Dayton 65 62 W kk* .. « 
Sanborn 63 65 W* 38 27 là* 
Dayton 12* 52 k3 36 29 23 
Sanborn 87 102 72 k9 51 38 
Mean 65 69 53 ia 38 33 
No. PI. 289 1222 932 3U7 2k2 72 
*Mean based on ten or fewer plants and was not plotted on Figure 19. 
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Table 1:1. Average diy weight corresponding to a given damage rating during 
196$ and 1966 
Damage Rating 
1 2 3  k  S  6  
1965 
July 
1966 
1965 
August 
1966 
Dayton li.O 3.5 2.5 1.6*^ - -
Sanborn 8.6 8.8 6.2 5.2 3.2 1.3* 
Dayton 6.3* 6.2 I1.5 3.0 2.1 l.li* 
Sanborn 6.5* 7.2 5.0 3.7 2.3 1.6* 
Mean 5.I1 6.5 ii.9 3.U 2.U 1.5 
No. PI. 262 61i5 385 lii2 106 12 
Dayton l6.li 15.5 9.8 10.0* 
Sanborn 16.2 16.7 11.2 10.0 7.8 10.5* 
Dayton k.O* 13.8 11.2 10.0 7.8 6.ii 
Sanborn 21.0 2I1.2 16.7 11.2 11.6 8.I1 
Mean 16.5 17.1 13.0 lO.li 9.2 7.8 
No, PI. 289 1222 932 3k7 2ii2 72 
*Mean based on ten or fewer plants and was not plotted on Figure 20. 
Table i;2. Average damage percentage corresponding to a given damage rating 
during 1965 and 1966 
Damage Bating 
3 k 
1965 
July 
1966 
1966 
Dayton 10.1 25.9 iili.5 67.5* -
Sanborn 7.5 19.1 37.5 ii9.7 63.3 
Dayton 5.0* ii6.7 56.li 62.5 6I1.8 
Sanborn 5.0* 35.6 53.8 61.2 68.0 
Mean 9.3 29.7 5i.il 60.8 65.7 
No. PI. 262 6ii5 385 lii2 106 
Dayton ll.il 26.3 ii6.6 52.3* 
Sanborn 8.6 21.7 38.8 53.3 66.0 
Dayton 6.7* li2.0 57.2 62.0 67.3 
Sanborn 7.5 3i1.il 50.0 57.8 6I1.5 
Mean 9.8 27.2 50.6 59.6 66.1 
No. PI. 289 1222 932 3ii7 2ii2 
71.0* 
76.7* 
7li.il* 
75.il 
12 
1965 72.2* 
^S^st i 70.7 
69.5 
70.1 
72 
*Hean based on ten or fewer plants and was not plotted on Figure 20. 
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reduction in damage percentage between Jtily and August. As mentioned 
previously, this reduction in damage percentage was the result of continued 
root growth in the absence of significant rootworm feeding. According to 
these data, a damage rating of one corresponded to less than 12% damage, a 
rating of two to 19-h7%, a rating of three to 39-56$, a rating of four to 
52-62$, a rating of five to 63-68$, and a damage rating of six to 70-77$. 
Damage ratings of two and three gave the largest ranges in corresponding 
damage percentage and the two intervals overlsçped considerably. These 
large ranges reflected the fact that a root system can have a large number 
of damaged roots and still not have aiy crown roots shortened to less than 
1^ inches. 
Figure 22 indicated that the relationship between these two criteria 
approached linearity at least in the range of damage ratings between two 
and five. Coefficients of linear regression (b) indicated that in 1965 
there was an increase of 15.1*$ damage for each increase of one damage 
rating and in 1966 there was an increase of 9.7$ damage for an increase of 
one damage rating. The differences in the regression coefficients between 
the two years can be attributed to the smaller average damage percentage in 
1965 (2h»9 vs. 53*6 in 1966), In 1965 most plants were rated as three or 
below for damage rating (average 2,03) and as mentioned above the range in 
damage percentage corresponding to these damage ratings was quite large. 
In 1966 the average damage percentage was 53*6 and the average damage 
rating was 3*29 which indicated that more plants were rated three, four, 
and five, for damage rating; consequently the corresponding range in damage 
percentage was smaller. 
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Size rating 
Visual ratings of the relative size of the root system (1 — an 
extremely small system, 6 -- a large vigorous system) should give more 
rapid estimates of root mass than diy weight or root volume. The average 
size ratings of the lines in this experiment were summarized by Table h3» 
The general increase in size rating between July and August was the result 
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Table k3» Average size rating at mid-season and maturity during 1965 and 
1966 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
lii/65 19/66 22/65 13/66 9/2/65 I6/66 12/65 11/66 
B67 L.128* 3.38s U.25s it.00s it.88s it. 75s it.88s 5.18s 
HD2286 3.75 3.00s k.25s it. 00s it.50s it.31s it.88s 5.12s 
A265 3.50 2.25%* It.38s 3.38 it.62s it.38s it. 62s 5.06s 
H71 3.12 2.75s li.38s 3.25 it.OO 3.56 lt.l2 5.00s 
H51 3.50 3.25s 3.25 3.75 ii-62 it.l9s it.l2 it. 88 
M0I3 2.62 2.00% 3.00 2.25% 3.69 3.50 3.itit 4.758 
HD2187 3.88 2.75s b.l2s it. 75s it.56s 3.38 it.50s 4.758 
A251 3.25 2.88s b.OOs 3.62 4.12 3.9k it.25 4.69s 
38-11 li.25s 3.25s lt.38s 3.25 it. 75s it. 25s it.69s 4.69s 
Bill 1.758 3.38s 3.88s ii.l2s it.88s 3.50 it. 31s 4.62s 
W32^ 3.88s — it.l2s 3.25 4.62s 
A257 b*38s 3.62s b.38s 3.62 4.38s 3.06 it. 75s 4.62s 
B55 3.88 2.38 3.88s 3.50 2.50 2.75 it.l2 4.56s 
E105 3.62 2.00 3.50s 2.50% it. 50s 3.06 it.19 4.50s 
AUOl 2.38 2.38 2.00% 1.88% it.06 3.50 3.i»it 4.44s 
C121E 3.25 3.00s I4..I2S 2.88 it.06 it.l9s 1.19 4.19 
0h29 2.62 1.75z 3.50s 2.75 lt.56s 3.56 3.88 4.12 
M0I7 3.62 1.88x 3.88s 2.88 3.81 2.75 3.50 4.06 
SDIO 3.88 3.38s it. 38s it. 25s 3.62 2.9it 3.75 4.06 
32° 
- 1.75% - 1.62% - 3.19 4.00 
A632 3.88 2.50 3.75s it.38s 3.79 2.88 3.88 3.94 
B6I4 3.62 2.50 3.38 3.00 3.50 3.81 3.75 3.81 
A556 2.75 3.12s 3.88s 3.88 3.62 3.06 3.9lt 3.75 
Bla lt.l2s 3.38s it. 25s 2.88 it.8ls 3.1tlt it.itits 3.62 
A297 3.75 2.50 3.75s 3.00 it.06 3.06 it. 31s 3.56 
%ean8 followed by s were not significantly different from the best 
line in the test; means followed by x were not significantly different 
from the poorest line in the test (.05 level, Duncan's New Multiple Range 
Test). 
^132 failed to germinate in 1965. 
°B2 was substituted for Pennsylvania Late Synthetic in 1966, 
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Table k3 (Contimied) 
July August 
Pedigree Dayton Sanbom Dayton Sanbom 
lV65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
A295 2.62 I.5OX 2.75 2.12X 3.31 2.19 3.06 3.kk 
H19 2.50 1.38% 2.50 2.25% 3.18 2.19 3.06 3.kk 
Oh5lA 3.12 1.38% 3.88s 1.88x 3.75 3.00 3.38 3.38 
Ai»17 2.88 2.25% 2.88 3.25 2.9b 2.69 3.06 3.38 
N6D 2.50 1.62x 2.38X I.5OX 3.50 2.56 2.9k 3.38 
Oh56ATRF 3.50 2.0QX 3.50s 3.00 3.56 2.25 3.00 3.38 
W22 2.88 1.75% 2.75 2.5OX 3.18 2.31 3.00 3.31 
WF9 3.12 1.88% 3.00 2.75 3.18 2.38 3.38 3.25 
N6 3.38 2.38 3.50s 2.88 3.88 2.81 k.06 3.12 
Iowa 205 U.12S 3.25 3.75s 2.88 3.31 2.38 3.69 3.12 
0h07B 2.12X 2.62 3.12 2.25x 3.50 2.56 3.12 3.06 
A239 3.38 2.0QX 3.25 2.75 3.W1 2.50 3.50 3.00 
CI3IA 1.88x 1.38% 2.75 1.75x 3.12 2.12 3.25 3.00 
ND385 2.50 1.38X 2.25x 3.00 2.18 2.12 2.m 3.00 
A632 3.62 2.12X 3.62s 3.00 3.hk 2.56 3.88 2.88 
A509 3.50 2.0QX 2.88 3.00 1.75% 1.12x 2.69 2.81 
ND363 2.88 2.88s 2.88 2.62X 2.18 2.50 2.25 2.75 
GI23 2.88 2.38 2.75 2.25% 2.75 2.50 2.88 2.38X 
A575 2.75 2.00X 2.25x 2.25% 2.50 1.9k 1.75x 2.38X 
W182B 2.62 1.25x 3.00 2.25x 2.68 1.19x 2.75 2.38X 
ND33O 3.12 2.12 3.38 3.25 2.9k I.50X 3.25 2.381 
NDÛ05 2.38 I.5OX 3.12 1.62X 3.06 1.9L 2.88 2.31% 
A629 2.50 I.38X 2.62 2.62X 2.62 l.W# 2.9k 2.12X 
A3it , 2.25 1.12X 1.62X I.5OX 1.25x I.50X I.38X 1.62X 
Pa.L.Syn.^ 1.38X - it.OOs - 3.75 - k.38s -
Mean® 3.18 2.33 3.39 2.91 3.59 2.87 3.58 3.67 
s f .26ii .350 ,26k .350 .187 .248 .187 .2k8 
x 
^B2 was substituted for Pennsylvania Late Sythetic in 1966. 
®July 1965 means based on 3^h plants (8/line), July 1966 means based 
on 392 plants (8/line)j August 1965 means based on 768 plants (l6/line), 
August 1966 means based on 78U plants (l6/line). 
^Standard error of inbred mean. 
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of continued growth during this period. However, many early maturing lines 
(e.g. A509, ND363, and A575) showed a decrease in size between July and 
August. This was because root systems of a given line were always rated 
relative to the size of the root systems of the other lines on a given 
gangling date. Consequently, in August the root systems of the earlier-
maturing lines were smaller relative to the later-maturing lines because of 
continued root growth of the later-maturing lines. As was true of root 
volume and dry weight, the smallest average root ratings of most of the 
lines were found at Dayton in 1966. This was interpreted as indicating the 
inçortance of adequate soil moisture in deteimiriing the size of the com 
root system. The standard errors of an inbred mean were larger in I966, 
This was the result of more variation in the size of the root systems in 
1966 caused by a much larger rootworm population which was not uniformly 
distributed within each location. 
Two lines B67 and BlL were consistently not significantly different 
(.05 level) from the best line in all four experiments during July; HD2286, 
HD2187, 38-11, A257j Bill, and SDIO were in this group in three out of four 
experiments during July. N6D, CI3IA, A575> and A3U were not significantly 
larger in root size rating than the small est line in three out of four 
e]qperiments during July. B67, HD2286, and A265 were in the group of best 
lines in all four experiments during August; HD2187, Bli;, and A257 were 
included in this group of best lines in three of liie four experiments. 
A3U, A629, and A575 were consistently not significantly better than the 
poorest line in the test during August. In August of I966 a typical root 
system of each line was selected from the Sanborn experiment and these were 
arrayed according to the average size rating at both locations in 1965. 
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Figure 23 was based on this array and showed the size of each system 
relative to B67, Blii, and 
Analysis of variance of root size ratings was summarized by Table Wt. 
The variance in root size ratings caused by locations was significant 
(.01 level) in I966 but not in 1965. In 1966 the average root size rating 
at Dayton was 2.69 compared to 3.U2 at Sanborn. The smaller average rating 
at Dayton in 1966 was assumed to have been caused by drought conditions 
throughout the growing season. In 1965 the average size rating at Dayton 
was 3.U5 conqpared to 3.52 at Sanborn and this indicated a similar response 
of the inbreds to the two environments. Table k3 and Figure 23 showed a 
Table Itit. Analysis of variance of root size ratings for 1965 and 1966 
Due to Degrees of freedom Mean square 
1966 1965 1966 1965 
Locations (A) 1 1 311.537** 2.507 
Reps (B)/locations 6 6 12.011** 1.398 
lines (C)* kQ kl 26.516** 2I1.521** 
Sançling dates (D) 2 2 109.291 22.377 
CD 96 9k 2.931** 1.595** 
AC hs h7 2.139** 1.330** 
AD 2 2 10.165** 2.92b** 
ACD 96 9k .703 .737 
Error 876 858 .980 .558 
Saaçling error 1176 1152 .5U9 .JOl 
Total 2351 2303 
^^significant at the «01 level. 
*1966 data based on 1|.9 inbred lines; 1965 data based on I4.Ô inbred 
lines due to poor germination of W32* 
Figure 23. Representative root systems of inbred lines from Sanborn, 
Iowa, August 1966, according to average size rating at 
both locations in 1965. 36? (labeled as HD2271), BlU, 
and A3U were included in each photo for puiposes of 
comparison 
12$ 
mm 
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large range in the root size of the lines in this experiment and as indi­
cated by Table hk this variation in size ratings due to lines (C) was 
statistically significant (.01 level) in both years. In 1966 the average 
root size rating in July was 2.62 compared to 3.27 in August j in July of 
1965 the average root size rating was 3.29 compared to 3.58 in August, 
With the statistical model used in this experiment (Table 3) these dif­
ferences were not statistically different. This was attributed to the 
mean square for sampling dates being tested against the mean square for the 
statistically significant AD interaction (2,2 d.f., 2^0^=19.00, F q2_= 
99.00). The significant mean square for the lines x dates (CD) interaction 
indicated that the varietal root ratings tended to be different on the 
different sampling dates. As was indicated by Table h3f August size rat­
ings of most lines (except early maturing ones) tended to be larger than 
the average rating at mid-July due to continued root growth during this 
period. The mean square for the locations x lines (AC) interaction was 
significant (.01 level) in both years. In 1966 the variation in the 
average varietal root size ratings between the t-wo locations was caused 
by the appreciably smaller ratings at Dayton which were the result of the 
drought conditions J in 1965 the smaller size ratings at Dayton were most 
likely caused by the difference in cultivation between the two sites which 
was discussed previously (p. ii9). 
The overall means of Table h3 indicated that size ratings in August 
were larger than in July. The significant mean square for the locations 
X dates interaction (AD) indicated that this size increase was true of both 
locations in both years. The non-significant mean square for the ACD 
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interaction indicated that the response of lines to dates (CD interaction), 
as measured by size ratings, was possibly similar for the two locations. 
The correlation coefficients among years, sites, and sampling dates 
for the lines in this experiment were summarized Table U5« These 
coefficients were confuted from the data in Table 43. ATT coefficients 
were significant at the .01 level which indicated that, regardless of 
difference due to sites, years, or sampling dates, the lines involved 
tended to occupy the same position relative to the other lines in tiie test. 
Data in Table 67 indicated that size rating was significantly, 
negatively correlated in both years with damage ratings, damage percentage, 
lodging percentage and with angle rating in 1966. This indicated that in 
general the lines with larger root systems tended to have significantly 
lower damage ratings, less damage percentage, less lodging, and a more 
horizontal root conformation. The relationship with root-angle ratings 
was more closely correlated in 1966 because of increased rootworm damage. 
As the rootworm population increased an increasing number of the more 
horizontal roots of the upper nodes were destroyed leaving the more vertical 
roots of the lower nodes. This meant that a significant reduction in root 
size which was the result of rootworm feeding also produced an indirect 
increase in root angle rating. Significant, positive correlations were 
obtained between size rating and root volume, secondaiy-root rating, root 
number, dry weight, pounds-pull, and days to silk. This indicated that 
root systems with larger size ratings tended to have more volume, more 
secondary roots, more crown roots, and more dry weight. They also tended 
to pull harder and to mature later. 
Table U5» Correlations among sites, years, and sampling dates for size rating 
Dayton Sanborn 
1965 1966 1965 1966 
July August July August July August July August 
July 196$ _ .60U® .707 .474 .753 .698 .722 .533 
August 196$ .601» - .585 .823 .746 .917 .506 .852 i/ajr MWil 
July 1966 .707 .585 - .651 .686 .677 .696 .590 
August 1966 .474 .823 .651 - .634 .792 .484 .868 
July 1965 .753 .746 .686 .634 M 00
 
.697 .659 
August 1965 .698 .917 .677 .792 .854 - .656 .819 
osinDom July 1966 .722 .506 .696 .484 .697 .656 .592 
August 1966 .533 .852 .590 .868 .659 .819 .592 -
*A11 correlation coefficients in this table were significant at the .01 level. 
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Figure 21;. Relationship between size rating and percent damage 
The relationship between size rating and damage percentage was summa­
rized by Figure 2k and Table lié. As indicated by Figure 21*. there was less 
damage percentage at both locations in 1965; as mentioned previously this 
was the result of a much smaller larval population. As indicated, the 
amount of damage percentage corresponding to a given size rating varied 
considerably depending on the location and size of the rootworm infestation. 
In general, however, the smaller the root system the greater was the damage 
percentage on the system. This relationship was the result of smaller 
systems having fewer crown roots over which to distribute the rootworm 
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Table ii6. Average damage percentage corresponding to a given size rating 
during 1965 and 1966 
Size Rating 
3 h 
1965 
July 
1966 
1965 
August 
1966 
Dayton 30 25 21 16 Ik 
Sanborn 58 33 22 20 Ik — 
Dayton 61 55 55 k7 k9 — 
Sanborn 66 55 i;7 kk 35 -
Mean 59 Uli 36 27 22 — 
No. PI. 186 3ki 511 389 125 0 
Dayton 36 30 28 26 23 
Sanborn 56 37 27 22 19 — 
Dayton 6k 59 59 51; 55 75* 
Sanborn 68 58 51 U6 ii3 38a 
Mean 62 k9 la 35 33 13 
No. PI. 217 kko 92k 868 639 16 
*Mean based on ten or fewer plants and was not plotted on Figure 22. 
^This mean was not plotted on Figure 22, 
damage and the fact that with a heavy infestation enough roots may be 
destroyed to reduce the size of the system. Figure 2k indicated that the 
relationship between these two criteria was usually non-linear. However 
some indication of the relative relationship between these two criteria can 
be derived from the coefficients of linear regression. The regression 
coefficients indicated that in 1965 there was a decrease of 9*0% damage for 
each increase of one size rating and in 1966 there was a decrease of 6.8% 
damage for each increase in one damage rating. The difference in the 
regression coefficients was caused by the fact that as the rootworm popula­
tion increased more of the roots of the larger root systems were attacked 
resulting in an increase in damage percentage on the larger systems. This 
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Figure 25. Relationship between size rating and root volume 
meant that as root size increased in 1966 the decrease in damage percentage 
was less and consequently the magnitude of the regression coefficient was 
less. Data in Table k6 indicated that in both July and August the greatest 
number of plants were rated as 3's and U's for size. The means of Table U6 
indicated that there was a greater reduction in damage percentage between 
size ratings of one and three than between three and five. 
According to Figures 25 and 26 the relationship of size ratings with 
root volume was curvilinear with a definite increase in root volume and diy 
weight as size rating increased. Dry weight and root volume were closely 
correlated in both years (.812 in 1965 and .92k in 1966) and this was 
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Figure 26. Relationship between size rating and dry weight of crown roots 
reflected by the striking similarity of Figures 25 and 26. There was very 
little variation in root volume and dry weight corresponding to a given 
size rating at maturity. This indicated that we were quite consistent in 
assigning a given size rating to a given root mass at maturity. In July, 
however, there was more variation in the root volume and dry weight cor­
responding to a given size rating and this was probably the result of con­
tinued root growth in the presence of different environmental conditions. 
In both cases there was a large increase in root volume and diy weight 
between size ratings of four and five. With this method the increase in 
root volume and dry weight between four and five was inherently greater 
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than the increase between three and four. In addition, the systems which 
rated four and above for size also tended to have more secondary roots 
which also added greatly to root volume and dry weight. The July and 
August means of Tables hi and ij.8 indicated that root volume and dry weight 
corre^onding to a given size rating were greater in August than in July. 
This was because on a given saitçling date, a given root system was always 
rated according to its relative size as compared wLth the other root 
systems collected on that date. Consequently, the volumes and diy weights 
were larger in August than in July. 
According to Table 67, there was a significant positive correlation 
between size rating and secondary-root rating during both years (.327 in 
1965 and .660 in 1966). Data in Table k9 indicated that in all cases there 
was an increase in the extent of secondaiy-root development as the size of 
Table U7. Average root volume corresponding to a given size rating during 
1965 and 1966 
Size Rating 
3 U 5 
1965 
July 
1966 
1965 
August 
1966 
Dayton 8 12 18 27 ko -
Sanborn 10 18 30 k6 72 — 
Dayton 7 lit 2k ko 5U* -
Sanborn 9 17 28 kS 69 -
Mean 8 15 25 39 62 — 
No. PI. 186 3W. 511 389 125 0 
Dayton 11 22 39 63 109 
Sanborn 10 22 39 62 105 mm 
Dayton 6 16 33 60 118 270* 
Sanborn 12 2k 38 61I 127 255* 
Mean 9 20 37 63 116 256 
No. PI. 217 WtO 92k 868 639 16 
^Mean based on ten or fewer plants and was not plotted in Figure 23« 
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Table 48» Average diy weight in grams corresponding to a given size rating 
during 1965 and 1966 
Size Rating 
12 3 US 6 
1965 
July 
1966 
1965 
August 
1966 
Dayton 1.3 2.2 3.2 it. 7 6.2 -
Sanborn 2.2 3.9 6.5 9.7 12.7 -
Dayton 1.9 3.3 5.1 8.8 12.6* -
Sanborn 1.8 3.3 5.2 7.6 10.6 -
Mean 1.8 3.1 5.0 7.5 10.6 -
No. PI. 186 3lil 511 389 125 0 
Dayton 2.1i 5.2 9.9 15.U 28.0 
Sanborn 3.1 6.0 10.5 15.9 26.3 
Dayton 2.1 U.6 8.6 15.U 31.7 70.1* 
Sanborn 3.3 6.2 9.3 lU.7 28.3 68.3* 
Mean 2.5 5.3 9.6 l5.lt 28.1 68.5 
No. PI. 217 làO 92h 868 639 16 
"^ean based on ten or fewer plants and was not plotted in Figure 2k» 
Table U9. Average secondary root rating corresponding to a given size 
rating during 1965 and 1966 
Size Rating 
1 2 3 U 5 
1965 
July 
1966 
1965 
August 
1966 
Dayton 1.31 1.78 2.01 2.32 2.3k -
Sanborn 1.20 l.k8 2.00 2.k7 3.18 -
Dayton i.a 1.5k 2.39 3.6k k.k3* -
Sanborn 1.0k 1.19 1.71 2.51 2.91 -
Mean 1.18 1.U8 2.03 2.57 2.98 -
No. PI. 186 3ia 511 389 125 0 
Dayton 1.32 1.73 2.60 3.37 k.38 
Sanborn 1.21 1.89 2.28 2.90 3.30 • 
Dayton 1.15 2.0k 3.08 3.95 k.70 5.00* 
Sanborn 1.20 l.kO 2.16 2.95 k.k5 6.00* 
Mean 1.18 1.80 2.57 3.22 k.30 5.86 
No. PI. 217 hkO 92k 868 639 16 
%ean based on ten or fewer plants and was not plotted on Figure 26 
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the root system increased. There were more secondary roots produced at 
mid-August than by mid-July. This was most likely a result of continued 
root growth and also indicated that the crown roots of the upper root-
bearing nodes produced more secondary roots. In general more secondary 
roots were produced at Dayton in both years and secondaiy-root development 
was greater in 1966 than in 1965. These differences were rather difficult 
to explain on the basis of our data, however, the differences between sites 
could have been caused by differences in soil type or soil nutrients. 
Meyer et al. (I960) mentioned that root elongation is more rapid as soils 
dry out and this may have been a factor in the development of more second-
aiy roots under the drier soil conditions during 1966. 
Figure 27 indicated a tendency toward a linear relationship between 
these two criteria, especially between size ratings of two and five. The 
coefficients of linear regression indicated that in 1965 there was a 0.3k 
increase in the secondary root rating for every increase of one size rating. 
In 1966 the secondary rating increased 0.77 for every increase of one size 
rating due mainly to the greater number of secondary roots which were 
present in 1966. 
As was indicated by Table 67 size rating and root number were signif­
icantly correlated (.01 level, O.3I4.8 in 1965 and 0.292 in 1966). Data in 
Figure 28 indicated that, with the exception of Sanborn in I966, the 
relationship between these two criteria was nearly linear. Mlth the 
optimum growth conditions at Sanborn in 1966, there were not great dif­
ferences in the number of crown roots between size 1 systms and size 3 
systems. The r^ationship between the two criteria above a size rating of 
three resembled that of the other experiments. The coefficients of linear 
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--- 1965 r=.327 b=.3k 
1966 r=.660 b=.77 
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Figure 27. Relationship between size rating and secondary root rating 
regression indicated that there was an increase of 3*3 crown roots for 
every increase of one size rating in 1965 and an increase of 2.3 crown 
roots for every increase of one size rating in I966. According to the data 
in Table 50, root number increased with size rating for all sites and 
sampling dates. In general these data indicated that lines which had the 
ability to grow many crown roots also tended to have larger size ratings. 
Secondary-root rating 
The surface area of a root system together with its volume and dry 
weight should be increased greatly by the presence of secondary roots and 
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Figure 28. Relationship between root number and size rating 
this should be an important factor in the tolerance of lines to rootworm 
feeding. 
The average rating of secondary roots at mid-season and maturity was 
summarized by Table 51 (1 — no secondaries present, 5 — profuse develop­
ment of secondaries). These data indicated that there was a large range in 
the ability of the lines to produce secondary roots. Most of the lines had 
higher secondary—root ratings in August than in July, except for some early-
maturing lines such as A509, A3U, and 1ID330* This suggested that the bulk 
of secondary-root growth occurred on the roots of the upper root-bearing 
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Table 50. Average root number corresponding to a given size rating during 
1965 and 1966 
Size Rating 
1965 
July 
1966 
1965 
August 
1966 
1 2 3 4 5 6 
Dayton 29.7 33.6 37.6 41.4 47.4 
Sanborn h2,9 45.5 49.6 56.4 63.4 -
Dayton 39.6 43.1 49.0 53.1 58.3* — 
Sanborn liit.U 44.4 45.8 51.8 58.5 — 
Mean U0.2 41.7 45.3 50.2 58.0 
No. PI. 186 341 511 389 125 0 
Dayton b2.L 46.0 50.3 56.5 62.3 
Sanborn 47.6 49.3 55.4 61.3 68.7 -
Dayton 42.9 45.9 50.7 55.9 57.6 66.5* 
Sanborn 54.7 57.0 58.3 67.3 70.2 68.6* 
Mean 46.1 49.2 53.2 59.4 66.2 68.3 
No. PI. 217 440 924 868 639 16 
*Mean based on ten or fewer plants and was not plotted on Figure 26. 
nodes during this one-month period. In general, there were no large dif­
ferences in the number of secondary roots produced by the lines in 1965 
with a light infestation as collared to 1966 with a relatively heavy root-
worm infestation. This suggested that the ability to grow secondary roots 
is more a genetic characteristic of a line rather than a specific response 
of a line to rootworm damage or some other environmental condition. B67, 
HD2286, A265, and H71 were consistently included in the group of lines not 
significantly different from the best line in the test. AUOl, HD2187, A257, 
Oh29, 38-11, A297, and Bllt were considerably above average from the stand­
point of the number of secondary roots. As indicated previously, most of 
these lines were also outstanding from the standpoint of size rating, root 
volume, dry weight, and root number. ND33O, C123, A509, A3lt, A259, A575, 
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Table $1. Average rating of secondary roots at mid-season and maturity 
during 1965 and 1966 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
11/6$ 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
B67 2.50s k.l2s* 3.25s 2.25sx* 5.00s l;.9Us li.9iis 5.81s 
HD2286 2.88s it. 00s 3.88s 3.25s ij..50s b.8ls k.75s 5.62s 
A265 3.25s 3.12s 3.62s 3.38s it.69s k.8ls k.50s 5.31s 
H71 2.75s 3.12s 3.62s 2.62s li.iAs lt.06s li.31 5.06s 
AhOl 2.00 2.50 1.50X* 1.25% U.31 U.25s 3.31 b.88s 
HD2187 2.12 2.62 2.12 2.50s b.06 U.OOs 3.81 4.56 
A257 2.62s 1.75% 3.38s 2.00SX U.31 2.50 li.38s 4.38 
Oh29 2.62s 1.88x 3.25s 1.75x k.9Ls 3.69 LOO 4.25 
B2^ - 2.12X - 1.12X 3.75 4.06 
38-11 2.25 3.62s 3.62s 1.88X it.Sls li.MiS 3.69 4.06 
V22 2.88s 2.12X 2.38 2.12ax 3.56 3.00 3.81 3.94 
W32° - Iv.OOs - 3.00s • 3.9U — 3.88 
A29? 2.62s 2.88s 3.50s 2.25sx il.UliS 3.31 L.62s 3.81 
H5l 1.25x 2.0QX 1.62X 1.12X 3.75 3.38 2.62 3.75 
BlU 2.00 2.38X 2.75 2.50s 4.758 3.00 3.31 3.44 
N6D 1.88x 1.38X 1.75x 1.12X 3.06 2.62 3.00 3.31 
C121E 1.88x 1.88X 1.75% 1.50x 3.91 li.06s 3.06 3.25 
Mbl3 1.50X 1.50x 1.62X l.OOx 3.50 3.50 2.50 3.25 
A251 2.00 2.50 2.12 2.00SX 3.25 3.50 2.W1 3.19 
KL05 1.38X 1.12X 1.25x 1.12X 2.38 3.12 2.16 3.19 
A556 1.88x 2.62 3.25s 2.75s 3.69 3.25 3.75 3.12 
Ala7 2.38s 1.62X 3.25s 2.50s 3.12 3.00 2.81 3.00 
ND385 1.88x 1.50x 1.38X 2.62s 2.38 1.88x 1.88 2.94 
Mol7 1.88x 1.38X 2.00 1.38X 3.06 2.31 2,31 2.88 
W182B 2.50s 1.38X 2.62 1.62X 2.00 1.62X 2.25 2.81 
®Means followed by s were not significantly different from the best 
line in the test; means followed by an x were not significantly different 
from the poorest line in the test; sx means did not differ significantly 
from either the best or poorest line in the test. 
^B2 was substituted for Pennsylvania Late Synthetic in 1966. 
^02 failed to germinate in 1965. 
11+0 
Table 51 (Continued) 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
lit/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
C131A 1.12X l.OOx I.38x l.OOx 3.00 2.69 2.19 2.69 
NDi+05 1.88x 1.88x 2.62 1.12X 3.50 2.75 2.62 2.50 
1205 3.00s 3.38s 2.25 2.38sx 2.81 2.06 2.12 2.1+1+ 
B61+ 1.62X 1.38x 1.62x I.5OX 2.88 3.19 2.62 2.1+1+ 
A632 2.38s 2.12X 1.88x 2.25sx 3.12 3.06 2.56 2.38 
SDIO 3.25s 3.25s 3.38s 3.12s 2.91+ 3.12 2.88 2.38 
Bia 2.38s 2.38% 2.25 1.25% 1+.69s 3.06 3.38 2.31 
0h07B 1.25x 1.62x l.OOx l.OOx 1.88 2.38 1.88 2.25 
ND363 2.25 3.75s 2.62 1.88x 1.38x 3.06 1.91+ 2.25 
Oh56ATRF 2.12 I.5OX 2.25 2.50s 2.81 2.38 1.9k 2.19 
HI9 l.OOx l.OOx l.OOx l.OOx 1.12X 2.56 1.06x 2.19 
B55 1.88x 1.12X 1.38x I.38X 2.91+ 2.38 2.56 2.19 
Oh5lA 1.12X l.OOx I.38x l.OOx I.5OX 2.56 i.50x 2.00X 
A575 2.12 1.88x I.5OX 1.75% 1.56x l.75x 1.62x 1.9i+x 
N6 1.75x 1.38x 1.88x 1.38x 2.75 2.75 2.19 1.91+x 
A295 1.25x 1.25x 1.88x l.OOx 2.69 2.12 2.06 1.88x 
W9 2.75s 1.12X 2.00 I.5OX 2.88 1.75x 2.38 1.88x 
A632 2.12 I.38x 2.12 I.38X 2.88 2,06 2.00 1.69x 
A239 2.12 l.OOx i.5ox I.38x 2.88 1.56x 2.19 1.62x 
A3li 2.38s 1.38x 1.62X 1.25% l.OOx 1.9iix I.38x 1.56x 
A509 1.88s 1.25x 1.75% 1.75% 1.06x l.OOx l.l+lpc l.l+lpc 
A629 1.62% 1.38x 1.75z l.OOx 2.00 I.38x 1.88 I.3IX 
CI23 1.88x 1.12X l.75x I.5OX 2.19 1.69x 1.88 1.25x 
ND330 1.38x 1.38x 2.12 1.62x 1.56x 1.25x 2.12 1.19X 
Pa.L.Siyn. 1.50 - 2.12 - 3.75 - 2.19 -
Mean® 2.06 2.02 2.22 1.78 3.10 2.88 2.73 2.97 
s f .276 .1+07 .276 .1+07 .195 .288 .195 .288 
x 
^B2 was substituted for Pennsylvania Late Synthetic in 1966. 
®July 1965 means based on 381i plants (8/line), July 1966 means based 
on 392 plants (8/line)j August 1965 means based on 768 plants (l6/line), 
August 1966 means based on 781+ plants (l6/line). 
Standard error of inbred mean. 
lia 
and OhSlA were consistently in the group of lines not significantly better 
than the poorest line in a given test. 
Analysis of variance of secondary-root ratings was summarized by Table 
52. The variation in ratings caused by location effects was significant 
(.01 level) in 1965 but not in 1966. In 1966 the average secondary-root 
rating (averaged over sampling dates) was 2.59 at Dayton compared to 2.58 
at Sanborn; in 1965 the average was 2.75 at Dayton conçared to 2.56 at San-
bom, It will be recalled from Table 3 that with the statistical model 
Table 52. Analysis of variance of secondary-root ratings for 1965 and I966 
Degrees of freedom Mean square 
Due to 1966 1965 1966 1965 
Locations (A) 1 1 .206 21.778** 
Reps (B)/locations 6 6 lk.k28** M2 
lines (C)& k& hi 36.552** 33.590** 
Sampling dates (D) 2 2 275.513* 155.279 
CD 96 9h 3.737** 3.122** 
AC li8 h7 2.759** 1.880** 
AD 2 2 13.655** 18.633** 
ACD 96 9h 1.579 1.005** 
Error 876 858 1.326 .610 
Sampling error 1176 1152 .86ii M 
Total 2351 2303 
^^significant at the .01 level; *significant at the .05 level. 
^1966 data based on it9 inbred lines; 1965 data based on U8 inbred 
lines due to poor germination of 102. 
Ik2 
used in this experiment the mean square for locations was tested against 
the mean square for reps/locations. In 1966 the mean square for reps/loca­
tions was extremely large in conçailson with the mean square for locations; 
in 1965 the situation was reversed and the mean square for locations was 
relatively large when compared to the mean square for reps/locations. The 
greater number of secondary roots at Dayton in 1965 was difficult to ex­
plain unless there was more secondaiy-root growth as a result of the later 
sampling date (9/2/65). However, previous data on root number, dry weight, 
and root volume indicated that this was not true for these criteria. The 
variation in secondary roots over the replications in I966 was most likely 
caused by the non-uniform distribution of the rootworm population which 
reduced the number of secondary roots in certain areas of the plots. In 1965 
secondary root development was not affected by rootworm larvae and was, 
therefore, quite uniform over the plot areas. 
The li9 inbred lines which were tested in this experiment differed 
significantly in their ability to produce secondary roots as was indicated 
by the significant (.01 level) mean square for lines in both years. The 
variance caused by sanqpling dates was significant in 1965 but not in 1966. 
It will be recalled from the discussions of other criteria that the inter­
pretation of this source of variation is limited someidiat by the statis­
tical model used in the analysis. With this model the mean square for 
sampling dates was tested against the mean square for the AD interaction 
(2,2 d.f., F q^^ «19.CX), F ^^=99.00) which in this case was highly signif­
icant in both years. In I966 the average of the July secondary-root ratings 
was 1.90 compared to 2.93 in August; in 1965 the July average was 2.lit com­
pared to 2*91 in August. These sampling date means indicated that a larçe 
li;3 
amount of secondary-root growth did occur between July and August, 
The significant mean square for the CD interaction indicated that the 
lines in the test did differ in the amount of secondary-root development 
between the sampling dates. Table $1 indicated that most lines had fewer 
secondary roots at mid-July than at maturity. The variation in secondary-
root ratings caused by an interaction of varieties with locations (AC) was 
significant in both years. In 196$ most lines produced more secondary 
roots at Dayton and in 1966 more were produced at Sanborn. The significant 
(,01 level) mean square for the AD interaction reflected different rates 
of secondary-root development between July and August at both locations. 
The variation in secondaiy-root ratings caused by the CD interaction was 
similar at the two locations in 1966 but this was not the case in 1965 as 
indicated by the significant ACD interaction. 
The correlations among years, sites, and dates for secondary-root 
ratings were summarized by Table 53. These correlations were based on the 
data in Table 51 and, with one exception, were all significant at the ,01 
level. This indicated that the ability to produce secondary roots was a 
characteristic of a line and that any given line in this test performed 
similarly relative to the other lines regardless of location, year, or 
sançling date. 
Data in Table 6? indicated that in both years secondary-root ratings 
gave significant positive correlations (.01 level) with size rating, root 
volume, root number, diy weight, days to silk, and pounds-pull in 1966 
(see p. 92). These significant correlations indicated that an increase in 
the number of secondary roots was concomitant with an increase in root 
mass. Significant negative correlations (.01 level) were obtained between 
Table 53» Correlations between years, sites, and dates for secondary-root rating 
Dayton Sanborn 
1965 1966 196$ 1966 
July August July August July August July August 
Dayton 
Sanborn 
July 1965 -
CO Î3 
.608 .301* .719 .564 .717 .420 
August 1965 .k$8 — .562 .745 .643 .894 .422 .782 
July 1966 .608 .562 - .699 .716 .653 .666 .651 
August 1966 .301* .7U5 .699 - .519 .749 .414 .857 
July 196$ .719 .6U3 .716 .519 .773 .722 .591 
August 1965 .56U .894 .653 .7ii9 .773 - .544 .859 
July 1966 .717 .u22 .666 .ulu .722 .544 - .498 
August 1966 .u20 .782 .651 .857 .591 .859 .498 -
significant at the .0$ level; all other coefficients significant at the .01 level (.0$ level; 
.279 with U8 d.f.j .01 level; .361 with U8 d.f.). 
litS 
secondary-root rating and damage rating, angle rating, damage percentage, 
and lodging percentage only in 1966. These data indicated that as root-
worm damage increased, the ability of the lines to produce secondary roots 
was reduced. This was probably a direct result of the reduction of the 
surface area of the crown roots from which secondaries could arise. The 
negative correlation of secondary roots with root-angle rating was caused 
by the systems with less damage tending to be larger, retaining more of the 
nearly horizontal crown roots of the upper nodes, and consequently having 
more secondary roots. The negative correlation with lodging percentage 
indicated that lodging increased with a reduction in the number of second­
ary roots. There was no correlation between secondary roots and node num­
ber in 1966, 
Root-angle ratings 
Root angle is a characteristic of lines which has not been considered 
by most workers. Its importance as a factor in root lodging has already 
been mentioned (p. 100); in addition it may be itrçortant in a line's 
ability to obtain subsoil moisture (perhaps vertical roots penetrate more 
de^ly) and associated with this the ability of a line to withstand higher 
plant populations. 
The average crown root-angle ratings of the lines in this experiment 
during 1965 and I966 were summarized by Table (l — roots horizontal, 
5 — roots nearly vertical). These data were arrayed so that the systems 
with a more horizontal conformation of crown roots were placed at the top 
and those with a more vertical conformation were placed toward the bottom. 
This arrangement did not necessarily represent an order of desirability. 
Table Sk» Average root angle rating at mid-season and maturity during 
1965 and 1966 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
lU/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
A239 2.38sa 2.12s 1.88s 1.75s 1.81s 1.62s 1.9Us 1.38s 
B61i 2.25s 1.62s 1.50s 2.12s 1.69s 1.38s 1.8ls 1.38s 
B2^ - 2.38s - 3.25 - 1.818 - 1.69s 
Mol3 2.80s 3.12 2.50 2.62s 2.50 2.38 2.06s 1.81s 
1205 2.25s 1.88s 2.25 2.88 2.50 2.56 2.18s 2.00 
Oh5lA 3.12 3.50x^ 2.38 3.75% 2.50 2.19 1.88s 2.19 
Bla 2,62s 1.50s 2.88 2.50s 2.12s 1.75s 2.38 2.19 
38-11 3.00 2.38s 2.50 3.12 2.06s 1.9bs 2.00s 2.25 
BlU 2,50s 1.75s 2.38 2.25s 2.25 2.19 2.38 2.25 
C121E 3.25 2.12s 2.75 3.12 2.50 2.25 2.31 2.25 
WF9 2.62s 3.00 2.38 2.62s 2.81 2.31 2.25 2.25 
Mol7 3.00 2.75 2.38 3.00 2.88 2.19 2.W1 2.31 
ND385 3.25 1.75s 2.12s 2.88 3.31 2.00 2.75 2.31 
H51 3.12 2.38s 3.12 3.00 3.00 2.06 2.62 2.38 
H71 3.00 2.25s 2.62 2.50s 2.31 2.12 2.18s 2.38 
B67 3.62 2.25s 2.88 3.00 2.25 1.9iis 2.38 2.W1 
A632 3.25 2.75 2.75 2.62s 2.9k 2.62 2.62 2.W1 
A265 3.12 2.88 2.62 3.12 2.81 2.62 2.56 2.50 
A632 3.00 3.38 2.75 3.00 2.88 2.81 2.38 2.50 
AiiOl U.oo li.OOx 3.62 a.25% 3.69 3.06 2.9b 2.62 
W22 3.00 3.00 3.00 3.25 2 . h k  2.81 3.38 2.62 
RIO5 3.12 3.12 3.00 3.12 3.38 2.81 3.00 2.62 
W32C - 3.00 - 3.12 - 2.38 - 2.62 
A295 3.00 1.88s 2.50 3.00 2.38 2.62 2.25 2.69 
A257 2.88s 2.38s 2.75 3.25 2.W1 2.81 2.56 2.69 
®Means followed by s were not significantly different from the most 
horizontal line in the test; means followed by x were not significantly 
different from the most vertical line in the test (.05 level, Duncan's 
New Miltiple Eange Test). 
^B2 was substituted for Pennsylvania Late Synthetic in 1966, 
®W32 failed to germinate in 1965. 
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Table 5h (Continued) 
July August 
Pedigree Dayton Sanborn Dayton Sanborn 
lli/65 19/66 22/65 13/66 9/2/65 16/66 12/65 11/66 
Oh29 3.38 3.38 2.88 3.5OX 2.12 2.25 2.31 2.75 
A629 3.00 2.12s 2.75 2.62s 3.12 2.69 2.75 2.81 
Ala7 3.50 3.12 3.25 3.12 3.31 2.88 3.12 2.9b 
Oh56A'ERF 2.88s 3.38 2.75 2.88 3.25 3.69 2.88 3.00 
N6 3.38 3.12 3.38 3.5OX 3.38 3.19 3.iili 3.06 
A297 3.38 3.88x 2.88 3.88X 2.69 3.38 3.06 3.06 
B55 3.12 2.50 2.62 2.88 3.19 2.88 2.75 3.12 
HD2286 3.50 3.12 3.12 3.5OX 2.9b 2 , 9 k  2.9k 3.12 
N6D 3.38 3.62X 3.62 3.88X 3.06 3.25 3.06 3.12 
A251 3.38 2.88 3.62 3.12 3.50 2.69 3.75 3.19 
CI23 3.62 3.00 2.88 3.5OX 2.88 2.69 2.50 3.19 
0h07B 3.88 2.88 3.12 3.25 3.19 3.12 3.12 3.19 
A575 2.88s 3.25 3.00 3.88X 2 . 9 k  3.19 3.00 3.38 
HD2187 3.12 2.88 3.00 3.25 3.06 3.06 3.06 3.38 
A509 3.25 3.12 3.00 3.00 3.31 3.56 3.12 3.38 
SDIO 3.00 3.00 2.75 3.00 3.56 3.06 2.88 3.Wi 
CI3IA k.25x 3.25 3.88X 3.81 3.25 3.38 3.75 
ND363 3.88 3.25 3.75x 3.75% Loo 3.69 ii.31x 3.9k 
W182B 3.38 U.38 3.25 3.25 3.00 ii.l9x 3.38 b.OOx 
H19 3.62 3.38 3.38 3.5OX 3.81 U.06x il.OO b.OOx 
A556 U.25x i;.00x 3.88 h * 2 $ x  il.WlX 3.88x 3.88 h.06x 
ND330 3.50 3.00 3.38 3.5OX 3.38 3.12 3.31 i(..06x 
NDU05 b.62x it.OOx 3.62 k.25x ii.50x 3.56 3.81 ii.W# 
A3U . 3.75 lt.l2x it.38x lt.38x 3.25 ii.31 li.50x li.56x 
Pa.L.Syn. 3.75 - 2.50 - 2.31 - 1.75s -
Mean® 3.25 2.89 2.95 3.21 2.92 2.78 2.82 2.85 
sj 
X 
.212 .271 .212 .271 .150 .192 .150 .192 
^2 was substituted for Pennsylvania Late Synthetic in 1966. 
®July 1965 means based on 381*. plants (8/line), July 1966 means based 
on 392 plants (8/line); August 1965 means based on 768 plants (l6/line), 
August 1966 means based on 781^ plants (l6/line)» 
^Standard error of inbred mean. 
m  
As the root system grows, the crown roots of the lower six nodes tend to 
arise at a more vertical angle; the crown roots of nodes seven, eight, and 
nine tend to be more horizontal (or more nearly parallel with the soil sur­
face) the degree of iriiich depends on the line involved. This growth 
pattern was reflected by the fact that root-angle ratings in July were 
larger (roots more vertical) than the ratings at maturity. The distri­
bution of the means indicated that there were more lines which rated three 
or less for root angle at maturity. These data indicated that A239, BSk, 
B2, m0i3, BUI, and 38-II consistently produced crown roots lAich tended to 
be more nearly parallel with the soil surface. W182B, H19, A6$6, NDUOS, 
and A3h produced root systems in lAich the conformation of crown roots 
tended to be more nearly vertical. 
Analysis of variance of root-angle ratings during 1965 and i966 was 
summarized by Table 55. The variation in root angle caused by differences 
in locations was significant in both years. In 1966 the average root-
angle rating was 2.82 at Dayton and 2.97 at Sanborn; in 1965 the average 
was 3.05 at Dayton and 2.85 at Sanborn. The data in Table Sh indicated 
that most of the variation in root-angle ratings due to locations was 
caused by the much greater variation in the July ratings. For example, the 
average rating at Dayton in July of 1966 was 2.89 conçared to 3.21 at San-
bom and in 1965 the Dayton average was 3.25 compared to 2,95 at Sanborn. 
This greater variation in the July ratings was probably a result of a 
greater differential in root growth among the lines at the two locations. 
The inbred lines did differ significantly (.01 level) in root-angle 
rating in both years. The variance due to sançling dates was not 
Ih9 
Table 55. Analysis of variance of root angle ratings during 1965 and 1966 
Degrees of freedom Mean square 
Due to 1966 1965 1966 1965 
Locations (A) 1 1 12.872** 21.778** 
Reps (B)/locations 6 6 1.678** .176 
Lines (C)* W 17 18.866** lii.309** 
Sançling dates (D) 2 2 15.996 IO.U8I 
CD 96 9 k  1.272** .797** 
AC h 8  h i  1.273** l.Wt5** 
AD 2 2 k.578** 2.585** 
ACD 96 9 k  .531 .352 
Error 876 858 .587 .361 
Sançling error 1176 1152 .5k2 .321 
Total 2351 2303 
^^significant at the .01 level all other mean squares not statistically 
significant. 
^1966 data based on U9 inbred lines; 1965 data based on U8 inbred 
lines due to poor germination of W32. 
significant and as discussed previously (p. 51) the statistical inter­
pretation of this factor was limited someiAat by the experimental model. 
The significant mean square for the lines x dates (CD) interaction 
indicated that the inbred lines differed in root-angle rating between July 
and August in both years. As mentioned above, most lines had a smaller 
angle rating in August and this was caused by growth of the crown roots of 
the upper nodes. When summed over dates, the lines did differ in root 
angle at the two locations in both I966 and 1965. This difference in lines 
between the two locations was mainly the result of the greater variation 
in root angle in Jvlj» The significant mean square for the locations x 
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dates (ad) interaction appeared to stem from the differences in root angle 
rating (summed over lines) being greater in July than in August, at both 
locations in both years. The cd interaction was similar at the two loca­
tions as was indicated by the non-significant mean square for the acd 
interaction. 
The correlation coefficients of Table 56 were based on the data of 
Table 5U. These coefficients were all significant at the ,01 level and 
indicated that regardless of year, site, or sampling date, any given line 
occupied a similar position relative to the other lines in the test on the 
basis of root angle rating. These data indicated that root angle was an 
inherent characteristic of a line which was not greatly modified by the 
environments represented by this experiment and could be rated quite con­
sistently. 
The affect of rootworm damage on root-angle rating is more apparent 
from Table 67. In 1965, with a light infestation, root angle was not cor­
related with any of the other criteria. In 1966, with a much larger infes­
tation, root-angle ratings gave significant, positive correlations (.01 
level) with damage rating, damage percentage, and lodging percentage. As 
mentioned previously, the roots of nodes seven, eight, and nine tended to 
be more horizontal and those of nodes six and below tended to be more 
vertical, Eiben (1962) observed that rootworm damage was concentrated on 
the crown roots of nodes six, seven, and eight. This meant that as the 
rootworm population increased in 1966, the roots of these nodes were 
destroyed first, thus leaving the more vertical roots of the lower nodes 
and producing an increase in the rating of root angle. Conversely, the 
larger systems (most often those with less damage) had a more horizontal 
Table 56. Correlations among years, sites, and dates for root angle 
July 1965 
 ^ August 1965 
Dayton 1966 
August 1966 
July 1965 
August 1966 
Dayton Sanborn 
1965 1966 1965 1966 
July August July August July August July August 
— 
.752' 
752 -
6U6 .594 
59U .737 
798 .723 
689 .796 
805 .632 
7U2 .77b 
61*6 .591* 
59li .737 
- .772 
772 -
676 .750 
615 .820 
7U8 .668 
670 .886 
798 .689 
723 .796 
676 .615 
750 .820 
00 
861 — 
79U .660 
827 .879 
805 .71*2 
632 .771* 
.71*8 .670 
886 .886 
794 .827 
660 .879 
- .731 
731 -
®A11 correlation coefficients were highly significant (d.f.-b#, r ^ ^=.361). 
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crown root conformation as was indicated by the significant (.01 level) 
negative correlations between root-angle ratings and size ratings, root 
volume, secondary-root rating, diy weight, total nodes (.05 level), poimds-
pull, and days to silk. 
Relation of Selected Criteria to Yield 
Emergence cage studies 
Emergence cage studies were undertaken to establish the rate and dura­
tion of beetle emergence and to establish a relationship between the root-
worm infestation and yield on an individual plant basis. 
Larval counts made on July 12, 1966, averaged 30 larvae in a seven-
inch cube of soil around the second plant to the south of each emergence 
cage (approximately 20 inches from caged plant). The average number of 
larvae on each of the six hybrids was summarized by Table 57. These data 
Table 57. Average com rootworm forms per line on six single cross hybrids 
at Sanborn, Iowa, daring 1966 
Pioneer SDIO x Bllt x W9 x Pioneer DeKalb 
3715 Blii N6 Mil; 3558 XLlt5 
Com rootworm 
larvae 3U.0 26.7 39.6% 32.7 22.2s 27.9 
Northern corn 
rootworm beetles 5.9 5.1 6.0 3.2 3.1 2.8 
Western com 
rootworm beetles 38.8 U3.7 iiO.3 31.6 27.3 36.1; 
%eans followed by s and x were significantly different (.05 level, 
Duncan's New Multiple Range Test, 71 d.f,). 
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indicated that Pioneer 3558 had significantly fewer larvae than Blii x N6 
and the other lines in this experiment fell in between but were not signif­
icantly different. 
The number of adults of each species in the cages were counted at 
regular intervals from July 15 to September 12 and these data were summarized 
by Table 58. For purposes of uniformity all data were converted to the num­
ber of beetles per 100 cages per day, although the experiment involved 72 
Table 58. Number of corn rootworm beetles in emergence cages at Sanborn, 
Iowa, from July 15 to September 12, 1966 (beetles/lOO cages/day) 
Northern Southern Western 
Date com rootworm com rootworm com rootworm Total com Cages 
beetles beetles beetles rootworms counted 
7-15 0.7 0.7 17.3 18.8 72 
7-18 0.0 0.0 l.ii 11.4 72 
7-20 il.2 0.0 46.5 43.8 72 
7-22 25.0 l.li 201.0 227.0 72 
7-2U 11.8 0.0 101.0 113.1 72 
7-28 30.2 o.l 267.0 297.8 58 
8- 1 lU.6 o.U 177.0 192.0 70 
8- 3 11.8 0.0 99.3 111.0 68 
8- 5 6.9 0.0 125.0 132.0 72 
8- 8 12.4 0.0 122,h 135.0 67 
8-11 6.8 0.0 li5.1t 52.2 69 
8-16 11.9 0.0 45.5 57.4 69 
8-18 it.7 0.0 30.0 34.7 70 
8-23 3.7 0.3 21.1 25.1 70 
8-29 0.7 0.0 U.4 5.1 72 
9- 6 0.5 0.0 1.9 2.4 72 
9-12 1.2 0.0 0.9 2.1 72 
Total for 
season 311 6 2630 2947 
% total 10.5 0.3 89.2 
l$h 
cages and sançling intervals of from 2-6 days. The varying number of cages 
counted reflected a slight difficulty with cages opening as plants lodged. 
Adult emergence occurred over approximately a two^onth period from July 
15 to September 12 idien the last northern and western com rootworm beetles 
were collected from the cages. These data indicated that larval damage and 
adult emergence extended over a much longer period than had been observed 
previously. The populations which emerged into the cages were 89.2/6 western 
com rootworm beetles, 10.$$ northern com rootworm beetles, and less than 
1$ of the southern com rootworm. The means for hybrids in Table 57 indi­
cated that there were no significant differences (.05 level) in the number 
of northern or western com rootworm beetles on the six hybrids. Figure 29 
indicated that the major peaks and dips of the two populations occurred on 
the same dates and this probably reflected a similar response of the two 
populations to environmental conditions (e.g. soil temperature and soil 
moisture). Both populations showed two emergence peaks, the first occur­
ring on July 22 and the second on July 28 following a 1.5 inch rain, 
Rootworm larval coiints have been used extensively in screening vari­
eties and in evaluating the effectiveness of insecticides. Their use is 
based on the assmi^tion that associated with high larval counts there 
should also be increased root damage, decreased root mass, and decreased 
yield. It has also been assumed that the number of corn rootworm adults 
emerging from the soil should be related to the com rootworm larval popu­
lation level as measured by larval counts. Data in Table 59 indicated that 
in this experiment mid-July larval counts were not correlated (.05 level) 
with damage rating or damage percentage on the corresponding root system. 
These results also indicated that there was no correlation (.05 level) 
280-
252-
22U-
196-
168-
lUO-
112 
8U-
56 
28 
August September July 
-OWestem com rootwom 
-•©Northern com rootworm 
beetles 
beetles 
•O-
15 25 10 31 20 31 20 10 
July August September 
. Com rootworm beetle emergence at Sanborn, Iowa from July 15 to September 12, 196? 
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Table 59. Correlations between yield, com rootworm forms, and selected 
July evaluation criteria which may be affected by rootworm 
damage 
July criteria Emergence cage data 
Damage Size Per cent Northern Western 
rating rating damage beetles beetles 
Northem beetles .087 -.212 — .OOli .366** 
Western beetles .055 -.073 .161 .366** -
Rootworm larvae .071 .285* .098 -.036 .101 
Yield* .007 -.205 . 1 9 k  .035 .001 
^indicates significance at ,01 level (d.f.=71, r^Q-]_=.302); ^indi­
cates significance at .05 level (d.f.=71, r ^^=,232). 
^As measured by dry ear weight at harvest time. 
between larval counts and the numbers of western and northem com rootworm 
beetles emerging into the cages that were 20 inches from where the larval 
counts were made. There was a tendency for more larvae to be found on the 
larger, more vigorous root systems as was indicated by the significant 
correlation between these two criteria. Beetle counts were not signif­
icantly correlated with damage rating, damage percentage, or size rating. 
Fluctuations in the numbers of beetles of the two species emerging into the 
cages seemed to parallel each other as was indicated by the significant 
(.01 level) correlation coefficient. None of the July criteria or emergence 
cage data was correlated with yield. 
Data in Table 60 indicated that ratings of damage and size of root 
systems of caged plants were significantly correlated (.01 level) with dry 
ear weight on these plants. Dry ear weight (yield) was not correlated with 
recovery rating or secondary-root rating. The significant negative 
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Table 60. Correlations between yield, com rootworm forms, and selected 
harvesttime criteria 
Harvesttime criteria 
Damage Size Recovery Secondary Yield®' 
rating rating rating rating 
Northern beetles .131 »lSk -.050 -.011 .035 
Western beetles .162 -.021 -.3^.6^ -.l6l -.001 
Rootworm larvae .135 -.lib -.256* -.222 -.073 
Yield* -.li80** .5l8** .053 .188 
^As measured by dry ear weight at harvesttime. 
**indicates significance at .01 level (d.f.=71, r Qn=.302); *indi-
cates significance at .05 level (d.f.=71, r^Q^=.302). 
correlation (.05 level) between com rootworm larval co-unts and recovery 
rating indicated that the ability of a hybrid to recover from damage 
decreased as the larval population increased. The relationship between 
western com rootworm beetles and recovery rating was correlated at the .01 
level. Western corn rootworm beetle counts were better correlated with 
damage rating and recovery rating than were com rootworm larval counts. 
Larval counts were apparently only an indication of the severity of the 
infestation on a given date. As was indicated by Figure 29, com rootworm 
beetle emergence extended over approximately a two month period and, con­
sequently, gave an indication of the severity and duration of the com 
rootworm larvaû. feeding period (assuming two weeks from pupation to adult 
emergence). This was probably the reason why counts of emerging com 
rootworm beetles were more closely correlated with the actual amount of 
corn rootworm damage on a given root system. The lack of significant 
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correlation between northern com rootworm beetle counts and the other 
criteria was probably the result of much smaller numbers of this species. 
These data indicated that there was little apparent relationship between 
yield and com rootworm infestation as measured by adult and larval counts, 
and suggested that damage and size ratings were much better estimators of 
the yield response of a hybrid to a com rootworm infestation. 
As was indicated by Table 60, ratings of damage and size of the root 
systems of the caged plants were significantly correlated with the yields 
on these plants. The means of Table 6l indicated that yield decreased as 
damage ratings increased. The high adult counts were associated with 
harvest-time damage ratings of two and three instead of five and six as 
might have been eaqpected. There was a trend toward increasing damage 
Table 61. Summary of the relationships between damage rating, emergence 
cage data, larval counts, and yield (g dry ear-weight/plant) 
on six single-cross hybrids at Sanborn, Iowa during I966 
HYBRID 1 2 
DAMAGE RATING AT HARVEST 
3  h  S  6 MEAN 
SDIO x BlliA 270 260 275 267* 
PIONEER 3715 - 2LI3 251 211 — — 2II0 
PIONEER 3558 - 225 238 188 195 156 211 
BlU x N6 213 232 116 9 6  - -, 198 
DEKALB XLU5 - 233 236 231 102 57 197 
W? x MLLI - 207 187 - — — 195 
MEAN 2U2 235 220 188 133 106 
COM ROOTWORM 
LARVAE 2it 25 37 32 32 h 2  
ADULTS 28 39 50 31 22 32 
NO. CAGES k  32 2 h  7 3 2 
^Each hybrid mean was based on the yield of the 12 caged plants. 
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rating with increasing larval counts, although the high larval count was 
associated with a damage rating of three. SDIO x BlU (both inbred parents 
are rootworm tolerant) was the top yielding hybrid in the experiment and 
had no damage ratings over three. Pioneer 3558 was represented in all dam­
age rating categories over one and showed a definite decrease in yield with 
increasing damage rating in spite of having significantly fewer com root-
worm larvae (Table 57). Although there was an average of 30 larvae/plant 
in mid-July, 83$ of the root systems (60/72) rated three or less for damage. 
Data in Table 62 indicated that there was a definite increase in yield 
with an increase in size rating. No apparent relationship was observed 
between size rating and the number of com rootworm larvae and adults 
Table 62. Summaiy of the relationships between size rating, emergence 
cage data, larval counts, and yield (g dry ear-weight/plant) 
on six single-cross hybrids at Sanbom, Iowa, during 1966 
Hybrid 1 2 
Size rating at harvest 
3 It 5 6 Mean 
SDIO X Bill 238 273 306 267a 
Pioneer 3715 - - 201 21*2 256 — 2li0 
Pioneer 3558 165 211 206 246 216 258 211 
BlU X N6 - 96 - 191 21h 205 198 
DeKalb XLU5 57 ihh 2li6 228 - - 197 
W9 X MlU - 0 198 219 220 - 195 
Mean 138 136 21a 227 2hh 239 
Com rootworm 
Larvae 3h là 36 28 26 31; 
Adults 30 37 30 37 52 32 
No. cages h 7 10 19 26 6 
®Each hybrid mean based on the yield from 12 caged plants. 
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associated with a given plant. The largest larval counts were associated 
with a size rating of two and the largest adult counts with a size rating 
of five. Of the root systems, 11% ($1 of 72) were rated four or above for 
root size. SDIO x Bli*. was also the only hybrid tested lAich had no root 
systems smaller than a size four rating. 
In general, the results from the 72 caged plants indicated that yield, 
on an individual plant basis, was definitely related to the size and damage 
rating of the corresponding root system. In this experiment, counts of 
com rootworm larvae and adults showed no apparent relationship to yield, 
damage rating or size rating, 
Harvesttime data from 600 plants 
The correlation coefficients among the seven criteria used in eval­
uating the response of 600 plants of the single-cross hybrids to a rootworm 
infestation were summarized by Table 63. In general, the correlations 
among the ratings of root damage, root size, secondary-root development and 
root angle agreed with the corresponding correlations for the inbred exper­
iment (Table 67). This indicated that these qualitative methods could be 
used with equal facility in evaluating inbreds or single-cross hybrids. 
The only exception was the lack of correlation between ratings of root 
angle and secondaiy roots. This lack of correlation was probably the result 
of a much smaller range in root angle among the hybrids as coaçared with 
the inbreds (conçare %pendix Table 69 with Table 5U), The significant 
negative correlation (.01 level) between damage rating and recovery rating 
indicated that the ability of a hybrid to recover decreased as damage 
rating increased. Eatings of root size, secondary-root development, and 
Table 63. Correlations among 7 criteria used in evaluating the response of 6 single-cross hybrids 
to a rootworm infestation at Sanborn, Iowa, in I966 
Damage 
rating I 
Size 
rating 
Secondary 
rating 
Angle 
rating 
Damage 
rating II 
Recovery 
rating 
Dry ear-
weight 
Damage rating I - -.676** -.U27** .100*» .816** -.307** -.37k** 
Size rating -.676** - .556** -.053 -.686** .U03** .k58** 
Secondary rating -.U27** .556** - .000 -.U67** .655** .18k** 
Angle rating .100* -.053 .000 - .092* —.Ok8 1 1 
Damage rating II .816** -.686** -.U67*^ .092* - -.329** -.3k2** 
Recovery rating -.307** .U03** .655** — .OI4.8 -.329** - .151** 
Dry ear-weight -.37k** .U58** .18k** 1 1 -.3k2** .151** -
**significant at «01 level (d,f."599» r q^",115). 
^significant at .01 level (d.f."599, r^Q^-.OSB). 
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recovery are probably inter-related and this interrelationship was verified 
by the significant (.01 level) positive correlations among these criteria. 
Highly significant correlations were obtained with dry ear-weight and rat­
ings of root size, secondary roots, and recovery and this indicated that 
yield increased as root mass increased. Yield decreased with increasing 
damage rating as was indicated by the significant (,01 level) correlation, 
between these two criteria. The two damage ratings (I & II) did not differ 
appreciably in terms of their correlations with the other criteria. This 
indicated that the use of slightly different interpretations of the criteria 
for the damage rating categories (see p. 1;0) yielded quite similar results. 
The data in Table 63 indicated that yield was significantly correlated 
with root damage rating on 600 plants of the single-cross hybrids. Accord­
ing to the data in Table 6k, all hybrids in this experiment (except where 
Table 6it. Summary of relationship between damage rating and yield (g dry 
ear-weight/plant) on 100 plants of each of six single-cross 
hybrids at Sanborn, Iowa, on September 29, 196? 
Damage rating at harvest Avg. 
Hybrid 1 2 3 h  5 6 Yield 
SDIO X B l k  283^ 2 k 9  228 llit* 2it5s^ 
Pioneer 3715 2U3* 239 186 185 136* — 218 
Elii X n6 229 218 166 106* 131* - 209 
Pioneer 3558 - 237 201 161 122 156* 202x 
DeKalb XLli5 - 226 199 13L 127 93 197x 
W9 X mit - 206 lii5 113 - - I82x 
Mean 2li9 229 189 150 127 lilt 
No. plants 31 335 167 li8 16 3 
based on 3 or fewer plants and was not plotted on Figure 30. 
®Means followed by the same letter were not significantly different 
(,05 level, Duncan's New Multiple Range Test), 
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three or fewer plants were involved) showed a decrease in yield as damage 
ratings increased. In spite of an average count of 30 larvae per plant at 
mid-July, 89% of the plants (533/600) rated three or less for damage. 
SDIO X Bill had a significantly better (.05 level) yield than the rest of 
the hybrids in the test. The data from Table 6h are plotted on Figure 30. 
These plotted data showed that the reduction in yield with increasing dam­
age depended somewhat on the hybrid involved. For example. Pioneer 3715 
showed very little reduction in yield as damage ratings increased from 
three to four, while Pioneer 3558 showed a marked decrease in yield between 
these two intervals. Of all the hybrids in the test. Pioneer 3558 had the 
most line sur decrease in yield with increasing damage rating. The coeffi­
cient of linear regression indicated that dry ear weight was reduced 3ii.3 g 
for each increase of one damage rating for the six hybrids in this exper­
iment. 
Size ratings should reflect the amount of rootworm damage present as 
well as the inherent ability of a hybrid to produce roots. This was prob­
ably the reason why size ratings were slightly better correlated with yield 
than were damage ratings (Table 63). The relationship between size rating 
and yield was summarized by Table 65 and indicated that all hybrids showed 
an increase in yield with an increase in size rating. Of the root systems, 
79% (u67/6oo) were rated four or above for size. The unusually high average 
yield for a size rating of one was most likely the result of an inadequate 
sample size for this category. It should be noted that SDIO x BlU and Bli; 
X n6 had very few root systems smaller than a size rating of four. The 
data from Table 65 were plotted in Figure 31 and showed that the individual 
hybrids did not differ as great]^ in their individual responses to 
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Table 65. Sxunmary of relationship between size rating and yield (g dry 
ear-weight/plant) on 100 plants of each of six single cross 
lybrids at Sanborn, Iowa, on September 29, 1967 
Hybrid 1 2 
Size rating at harvest 
3 U 5 6 
Avg. 
Yield 
SDIO x Bli; nil* 179* 216 2li8 272 2k5sa 
Pioneer 3715 217* 142 183^  202 2ii7 239* 218 
Blii x N6 163* 96* 0* 195 202 230 209 
Pioneer 3558 165* 150 156 189 232 261 202x 
DeKalb 2LU5 127* 111 190 211 232 - 197x 
W9 X ml; - 66 132 168 239 361;* l82x 
Mean 158 122 163 196 23U 253 
No, plants 9 39 85 lii3 2lt3 81 
*based on 3 or fewer plants and was not plotted on Figure 31, 
%eans followed by the same letter were not significantly different 
(.05 level, Duncan's New Multiple Range Test). 
increasing size ratings as they did in their responses to increasing damage 
rating. In general, the yield response of the lines to increasing root 
size rating was more linear than for damage rating and the regression 
coefficient indicated that there was a 32,k g increase in dry ear weight 
for every increase of one size rating. 
Comparative Efficiency of Methods 
A method of screening com for resistance to com rootworms should 
enconçass all of the following characteristics : 1) permit the screening of 
a maximum number of lines at a minimum cost, 2) allow the investigator to 
locate resistant lines and enable workers to distinguish between antibiosis 
and tolerance, 3) be repeatable and comparable between sites and years. 
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U) have relatively less variation in comparison with other methods. The 
purpose of this section will be to consider which method or combination of 
methods comes closest to achieving the above objectives. 
Time-and-cost estimates 
The time-and-cost estimates for the evaluation criteria used in this 
study were summarized by Table 66, These data were based on mature root 
systems and did not include overiiead e^çenses such as transportation, meals, 
agronomic practices, and equipment, all of lôiich would greatly increase the 
per plant cost for all criteria. These data indicated that quantitative 
criteria (damage percentage, dry weight, volume, root number, and node num­
ber) could be determined on U»8 plants per man-hour at a cost of $O.Ijl per 
plant. It is immediately apparent from these results that the quantitative 
evaluations of root systems are a slow and expensive process, and for this 
reason would be of limited value in screening for resistance to com root-
worms. Information on early root development was obtained on 17.6 plants 
per man-hour at a cost of $0.11ij. per plant. As was indicated by Table 7, 
early root numbers were correlated with root numbers at mid-season and 
maturity. This indicated that in addition to information on the number of 
roots present at the time of rootworm hatch, early root counts also showed 
which lines were most likely to have tiie most roots at maturity, at approx­
imately one-fourth the cost of counts at maturity. Ratings of root damage, 
size, angle, and secondary roots were obtained on 21.U plants per man hour 
at a cost of $0.106 per plant. As indicated by data in Table 67 damage 
ratings were correlated with damage percentage; size ratings and secondary-
root ratings were correlated with dry weight, root volume, and root number. 
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Table 66. Time-and-cost estimates for the evaluation criteria used in 
this study 
Typical time Per plant 
requirement (man-hrs.) Plants/ cost at 
for 1200 plants man-hr. $2,00/hr. 
Quantitative methods {% damage, dry wt,, root vol., root #, node #) 
Tagging, digging, 
beating, collecting 32 37.5 0.053 
Root washing l6 75.0 0.027 
Quantitative evaluation 200 6.0 0.333 
Total to process quanti­
tative criteria on 1200 pi. 2U8 ii.8 0.iil3 
Early root development 
Tagging, digging, 
washing 28 U2.8 0.0U7 
Counting roots i;0 30.0 0.067 
Qualitative methods (ratings of damage, size, secondaries and angle) 
Tagging, digging, 
beating, collecting 32 37.5 0.053 
Root washing l6 75.0 0.027 
Qualitative evaluation l6 75.0 0.027 
Total to process qualita­
ti ve criteria on 1200 pi. 6k 18.8 0.106 
Pulling of plants^ 
Pulling 38 32.7 0.06i 
^rising apparatus described on p. 32 { k  man crew) 
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Thus, at approximately one-fourth the cost, qualitative criteria gave 
estimates of maigr of the same root characteristics idiich these quantitative 
criteria were estimating. Of the methods in Table 66, pulling allowed for 
the evaluation of the largest number of plants (32.7 per man hour) at the 
lowest cost ($0.06l per plant). The usefulness of pounds-pull depends on 
the experimental objectives and has maiy shortcomings which will be pointed 
out in the discussion which follows. 
Ability to locate resistant lines 
Another irportant characteristic of a screening method is its ability 
to locate resistant lines and enable workers to distinguish between non-
preference, antibiosis, and tolerance (see Painter 1951» p. 27, for defini­
tions of these terms). The result of non-preference and antibiosis will be 
reduced rootworm feeding. Consequently, the method which gives the most 
direct estimate of rootworm feeding will be most likely to detect non-
preference and antibiosis. As mentioned on p. 76, the best estimate of 
rootworm feeding in the absence of root regrowth, would be obtained at the 
peak of the rootworm infestation, idiich usually occurs in mid-July. 
Because damage percentage is based on an examination of each crown root, 
at this time it would be most likely to detect any significant reduction in 
rootworm feeding. However, obtaining damage percentages is a slow and 
expensive process so the alternative is to choose a more rapid method lAiich 
is well correlated with per cent damage. Data in Table 67 indicated that 
in both years damage ratings gave the best correlation with damage percent­
ages j pounds-pull ranked second in this respect. It should be noted that 
170 
Table 67. Correlations among evaluation criteria used during 1965 and 1966 
1 2  3 k  56 
Da Si Vol Sec An Rt# 
Damage 
rating 
H
 H
 
— 
-.59b 
-.292 
-.383 
-.OHns* 
-.375 
-.031ns 
.156 
-.017ns 
.049ns 
Size 
rating 
1965 
1966 
-.k51i 
-.59k 
- .681 
.727 
.327 
.660 
-.045ns 
-.256 
.348 
.292 
Hoot 
volume 
1965 
1966 
-.292 
-.383 
.681 
.727 
- .372 
.581 
".05lns 
-.202 
.465 
.339 
Secondary- 1965 
root rating 1966 
-.011ns 
-.375 
.327 
.660 
.372 
.581 -
.040ns 
-.181 
.140 
.124 
Root-angle 
rating 
1965 
1966 
-.031ns 
.156 
-.0U5ns 
-.256 
-.05lns 
-.202 
.040ns 
-.181 -
.020ns 
-.031ns 
Root 
number 
1965 
1966 
.017ns 
.0ii9ns 
.318 
.292 
.li65 
.339 
.lliO 
.124 
.020ns 
.031ns 
-
Damage 
percentage 
1965 
1966 
.565 
.622 
—«262 
-.396 
-.IL2 
-.231 
.066* 
-.253 
•001ns 
.117 
.009ns 
.079* 
Diy 
weight 
1965 
1966 
-.232 
-*3b7 
.576 
.6Wt 
.812 
.92k 
.352 
.531 
-.049ns 
—.186 
.396 
.300 
Total 
nodes 
1965 
1966 
.057ns 
.07U* 
.lOlt 
.055ns 
.122 
.082 
.070* 
.004ns 
.002ns 
.075* 
.494 
.486 
Pounds 
pull 
1965 
1966 
-.530 
-.633 
.516 
.653 
.429 
.543 
-.073* 
.442 
• 008ns 
-.134 
.152 
.069* 
Lodging 
percentage 1966 .I2lms^ -.232* -.182ns —.460 .260 .091ns 
Days to 
silk 1966 -.Oli9ns .516 .439 .469 -.490 .285 
®For criteria 1-10 ns indicates non-significance, ^indicates signif­
icance at .05 level; all other coefficients significant at .01 level 
(d.f,«1000j r Q0=.O62, r ^ ^=.081). 
^or criteria 11 and 12 d.f.»97j r^Q^«.198, r ^ ^=.258. 
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Table 67 (Continued) 
7 
^Da 
8 
Dry vb 
9 
nodes 
10 
Ib pull 
11 
%lodg. 
12 
silk 
Damage 
^ rating 
1965 
1966 
.565 
.622 
-.232 
-.347 
.057ns 
.074* 
-.530 
-.633 .124ns -.049ns 
Size 
rating 
1965 
1966 
-.262 
-.396 
.576 
.644 
.104 
.055ns 
.546 
.653 -.232* .516 
Root 
^ volume 
1965 
1966 
—*lii2 
-t23h 
.812 
.924 
.122 
.082 
.429 
.543 -.l82ns .439 
. Secondary-
^ root rating 
1965 
1966 
.066* 
-.253 
.352 
.531 
.070* 
.004ns 
-.073* 
.442 -.460 .469 
^ Root angle 
^ rating 
1965 
1966 
.001ns 
.117 
-.049ns 
—.186 
.002ns 
.075* 
.008ns 
-.134 .260 -.490 
, Root 
number 
1965 
1966 
.009ns 
.079* 
.396 
.300 
.494 
.486 
.152 
.069* .091ns .285* 
Damage 
' percentage 
H
 H
 
- -.103 
-.200 
.052ns 
.055ns 
-.439 
-.439 -.095ns -.301* 
® Sight 
H
 H
 
-.103 
-.200 -
.078* 
.080* 
.374 
.505 -.212* .406 
Total 
9 nodes 
1965 
1966 
.052ns 
.055ns 
.078* 
.080* -
-.029ns 
-.119 -.007ns «086ns 
Pounds 
pull 
H
 H
 
-.439 
-.439 
.374 
.505 
-.029ns 
-.119 
-
-.312 .431 
Lodging 
percentage 1966 -.095ns -.212* -.007ns -.312 - -.136ns 
Days to 
silk 1966 -.301 .406 .086ns .431 -.136ns 
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lodging percentage was not correlated with damage percentage and for this 
reason would be of limited usefulness in a screening program. 
Tolerant lines would have a relatively large root mass in spite of 
significant rootwoim damage. The best estimate of actual root mass was 
probably obtained by determining root dry weight and volume both of which 
are relatively slow and expensive. In both years size ratings gave the 
best correlations with root volume and dry weight (Table 67). Secondary-
root ratings and pounds pull were not as well correlated with root dry 
weight and volume as were size ratings. 
As indicated above, ratings of root damage and root size gave the best 
correlations with damage percentage and root mass and consequently would be 
of most value in locating resistant lines. Pounds-pull was also correlated 
with damage percentage and root mass criteria. However, if a plant pulls 
hard it could be the result of a large system, lack of damage, soil condi­
tion, or any combination of these variables. Given only data on pounds-
pull it would be difficult to determine if a plant pulled hard because it 
escaped damage, inhibited rootworm feeding, or made an excellent recovery 
from rootworm damage. 
Repeatability and comparability 
The highly significant correlation coefficients (.01 level) among 
years, sites, and dates in Tables 10, 13, 17, 18, 21;, hS} 53, and $6 indi­
cated that there was a high degree of repeatability within all the criteria 
estimating some aspect of root mass and no one method was clearly superior 
to the others in this respect. As indicated by fewer significant corre­
lations (Tables 21 and 38), there was less repeatability among damage 
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percentage and damage ratings. As discussed previously (pp. 77 and 110) 
this lack of correlation was caused more by the lack of antibiosis among 
the lines tested, and variations in the size and distribution of the root-
worm population, than by a lack of repeatability in the methods. 
When evaluating lines, it is most desirable to be able to make mean­
ingful comparisons of data between years and sites. Damage ratings are 
quite comparable because a given rating (p. 23) always means the same thing 
in terms of root damage. Because size ratings are made relative to the 
other root systems in a given experiment, they would be less comparable 
between years and sites. However, a system which rates a five will always 
be a relatively large system and a system which rates a one will always be 
an extremely small system (compare means of Table 53). Variations in the 
size and distribution of the rootworm population and also variations in 
soil type and soil moisture make it difficult to compare pulling data 
between years and sites. For example (Table 22), 38-11, a line which was 
always in the top group in respect to pounds-pull in all four experiments, 
required an average of 376 lb. of pull at Sanborn in 1965 and 199 lb. of 
pull at Dayton in 1966, An average of 376 or 199 lb. of pull is meaningful 
only when compared with the other means in the same experiment. To deter­
mine the reason for a given average pulling weight, it is necessary to have 
additional information on rootworm damage, root size, and soil conditions. 
Relative variation 
The overall means, standard deviations, and coefficients of variation 
(C,V,) for the root evaluation methods used in this experiment were summa­
rized by Table 68, For purposes of convenience the methods were divided 
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Table 68. Overall means, standard deviations, and variation coefficients 
of 13 root evaluation criteria 
Coefficient 
Standard 
deviation 
Overall 
mean 
of 
variation^ 
Quantitative methods 
I Damage percentage — 19.3 
17.1 
2k.9 
53.6 
77.5 
31.9 
Root dry-weight 
Root volume 
II Pounds-pull 1266 
Lodging percentage -
Yield Cg dry ear-wt. ) 1966 
U.5 
7.1 
17.6 
28.8 
72 
59 
15.7 
25.6 
66.b 
11.8 
10.7 
U9.0 
15.6 
227 
lia 
19.7 
51.8 
208.8 
37.9 
69.1 
35.9 
63.2 
31.7 
ia.8 
79.7 
U9.1| 
31.8 
Early root number — ^ ^^6 
III Root number 
Node number 1^66 
2.3k 
2.28 
7.07 
7.86 
.705 
.615 
16.1 
12.6 
53.2 
53.1; 
7.26 
7.36 
lii.5 
18.1 
13.3 
lk.7 
9.7 
8.8 
Qualitative methods 
I Damage rating 
1966 
.9Wi 
1.09k 
2.03 
3.29 
46.5 
33.2 
1965 
Size rating 2.^66 
1965 
Secondary-root rating 2^66 
.7U7 
.990 
.781 
1.150 
3.18 
3.05 
2.65 
2.59 
21.5 
32.k 
29.5 
kk.k 
III Root-angle rating — .601 
.767 
2.95 
2.90 
20.k 
26,k 
Coefficient of variation • (standard deviation/overall mean) x 100. 
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into three groups. Group I included those methods which gave the most 
direct estimate of rootworm damage. This group would be most likely to 
detect non-preference or antibiosis if present. Group II included those 
methods which gave direct or indirect measurements of root mass and 
reflected both rootworm damage and the inherent size of the root system. 
These criteria gave good estimates of a root system's ability to perform 
its major functions either in the presence or absence of a rootworm infesta­
tion, Group III included those criteria which are apparently genetic 
characteristics of a line and are not usually affected by rootworm popula­
tions. 
In general the C.V.'s of group II criteria were greater in 1966 than 
in 1965, This indicated that as rootworm damage increased the relative 
variation in root mass also increased. As was mentioned in the discussions 
of the individual methods, this increased variance was probably caused by 
a non-uniform distribution of the rootworm population. The C.V. of yield 
was 31.8% which was relatively low in comparison with other group II 
methods. The C.V,'s for the group I criteria were larger in 1965 than in 
1966. In 1965 a relatively low overall per cent damage and damage ratings 
were the result of a low rootworm population. The occurrence of "hot 
spots" of infestation at both locations in 1965 also contributed to a 
relatively large standard deviation. The large G.V. was the result of the 
small mean and the large standard deviation. The C,V,'s of the group III 
criteria were of similar magnitude in both years. This reflected the fact 
that these are genetic characteristics of a line and are not affected as 
greatly by rootworm numbers. 
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The methods uhich had the lowest C.7.'s were node number, root number, 
early root number, and root-angle rating, in that order. As discussed pre­
viously, these methods are of limited usefulness in a screening program 
because of the time and cost factor. Of the more economical methods, size 
rating, pounds-pull, secondaiy-root rating, and damage rating, in that 
order, had the lowest C.V.'s. It should be noted that in 1966 with a 
larger rootworm population, damage ratings had a smaller C.V. than pounds-
pull. Lodging percentage had a large C.V. at both locations but there was 
apparently less variation as the degree of lodging increased. 
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SUMMARY AND CONCLUSIONS 
During 1965 and 1966 an intensive study was made of eleven methods 
used in evaluating com for resistance to com rootworms. Involved in this 
study were it9 inbred lines with a broad spectrum of root characteristics. 
The experiment was planted at Dayton and Sanborn, Iowa, and each line was 
evaluated at early, mid, and late-season, using the methods which were 
applicable at a given stage of development. The objectives of the exper­
iment were to determine which methods were most efficient in evaluating 
lines for com rootworm resistance, to characterize the root systems of 
these lines, and to establish the interactions between lines, sites, and 
dates, under a rootworm infestation. A brief sumraaiy of observations 
pertinent to each evaluation method follows: 
Root number and node number The lines in this study differed sig­
nificantly in the number of crown roots per line one month after planting, 
at mid-July, and at maturity. HD2286, HD2187, BII4., and 120$ were out­
standing in root development early in the season, N6, SDIO, and A556 would 
be added to this list if root numbers only at mid-July and maturity were 
considered. In general, lines which were outstanding in root number at mid-
season and maturity were also outstanding in early root development. There 
were also significant differences in node numbers among the lines and node 
number was correlated with root number in both years. Boot number was cor­
related with all other methods which gave an estimate of the size and 
extent of the root system. Significant correlations were obtained across 
years, sites, and sampling dates for root number and node number. This 
indicated that the lines in this experiment tended to occupy the same 
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position relative to the other lines in the test for these criteria. It 
was noted that the ability to grow roots during the critical period from 
mid-June to raid-July may be an inçortant factor in a line's tolerance to 
rootworm infestation. SDIO was outstanding in this respect. 
Root dry-weight, root volume, size rating, and pounds-pull The 
lines in this experiment differed significantly in respect to the above 
criteria all of which estimate the size and extent of the com root system. 
B67, HD2286, A265, HD2187, Bli;, A257, RIOS, and 38-11 were outstanding in 
terms of root mass as measured by these four criteria. The lowest esti­
mates of the extent of root development were obtained under drought condi­
tions at Dayton in 1966. This indicated that soil moisture was an important 
factor in determining the root mass of these lines. The lines in this 
study tended to occupy the same position relative to tiie other lines in 
regard to these four criteria as was indicated by the highly significant 
positive correlations across years, sites, and sançling dates. In general, 
these four criteria were significantly correlated with each other and the 
root systems with larger size ratings also had a greater root volume, diy 
weight, and secondary-root development. They also tended to pull harder 
and were of later maturity. 
Damage rating and damage percentage None of the lines in this 
experiment was outstanding from the standpoint of low rootworm damage as 
estimated by these two criteria. The lack of significant correlation across 
years, sites, and sampling dates indicated that these lines did not give a 
consistent response to rootworm damage. This lack of consistent response 
was probably the result of a lack of antibiosis in the lines tested and a 
non-uniform distribution of the rootworm population. B6U, B67, HD2286, and 
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N6 were lines which consistently did have less damage than the rest of the 
lines in the test. Because of continued root growth, it was suggested that 
the best estimate of damage percentage and damage ratings could be obtained 
in mid-July at the peak of the rootworm infestation. There was a highly 
significant positive correlation between damage ratings and damage percent­
age. Significant negative correlation coefficients indicated that there 
was a decrease in root mass with an increase in damage percentage and damage 
ratings. 
Lodging percentage In 1966 the lines in this study did show sig­
nificant differences in lodging percentage. H71, A265, HD2187, A251, and 
Ai;01 were low in lodging percentage at both locations. The results of the 
lodging data indicated that lodging percentage decreased as root mass 
increased and rootworm damage would be an inçortant factor in lodging only 
if it substantially affected root mass, root angle, or secondary roots. 
Ratings of root angle and secondary roots The inbred lines in this 
study did differ significantly in root-angle and secondaiy-root ratings in 
both years. The relative position of a given line in respect to root angle 
did not change greatly with years, sites, or sampling dates. In general, 
there was an increase in the number of secondary roots as the size and 
extent of the root system increased. The larger root systems also tended 
to have smaller root-angle ratings. The lack of positive correlation 
between secondary-root rating and rootworm damage suggested that with the 
inbreds used in this study the ability to grow secondary roots was more an 
inherent characteristic of a line rather than a specific response to root-
worm damage or some other environmental condition. 
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Relative maturity Positive corrélations of days to silk with root 
number, root volume, diy weight, pounds-pull, size rating, and secondaiy-
root rating indicated that lines which extend their vegetative growth over 
a longer period produce more root mass. Results indicated that rootworm 
damage in tiiis study was apparently independent of the maturity of the 
lines involved. These data indicated that it is quite important to con­
sider relative maturity when making conçarisons of lines which are based 
on the size of the root system. 
Emergence cage studies These studies were undertaken on six single-
cross hybrids to establish the rate and duration of com rootworm beetle 
emergence and to establish the relationship between the com rootworm 
infestation and yield on an individual plant basis. Results indicated that 
emergence of com rootworm occurred from July 15 to September 12 when the 
last northern and western com rootworm beetles were collected from the 
cages. This suggested a much longer period of larval damage and adult 
emergence than had been observed previously. There was no correlation 
between com rootworm larval counts and the number of western and northern 
com rootworm beetles emerging from the soil. Com rootworm beetle counts 
and larval counts were not correlated with damage rating, damage percentage, 
size rating, or yield. Results indicated that ratings of size and damage 
gave the best estimates of the yield response of a hybrid to a com root-
worm infestation. Conçarison of single-cross data with inbred data indi­
cated that the quantitative and qualitative methods used in this experiment 
could be used with equal facility on inbreds or hybrids. 
On the basis of cost per plant, ability to locate resistant lines, 
conçarabilitgr and repeatability, relative variation, and relationship to 
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yield, it was concluded that a combination of damage ratings and size rat­
ings would be the most efficient method of evaluating lines for resistance 
to com rootworms. 
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APPENDIX 
Table 69. Summary of mid-July and Harvesttime data from 12 caged plants of each of six single-cross 
hybrids at Sanborn, Iowa, during 1966 
Pioneer 
3715 SDIO X Bill Blij X N6 WF9 X MlU 
Pioneer 
3558 
DeKalb 
XLU5 
s 
X 
Harvest 
Damage rating I 2.588* 2.17s 2.17s 2.58s 3.33X 3.U2X .225 
Size rating it. 33s U.83S li.83s 3.75 3.U2X 3.OOX .2U0 
Secondary root-rating 2.83s 2.92s 2.75s 2.83s 2.17s 2.17s .332 
Root angle rating 2.50x 2.83X 2.U2X 1.58s 2.83X 2.92X .202 
Damage rating II 2.7Us 2.25S 2.42s 2.75s 3.i|2x 3.58x .231 
Recovery rating 2.00sx 2.58S 2.33s 1.25x l.U2x 1.17X .373 
Dry ear-weight (g) 2U0 267s 198x I95x 211x 197x 7.79 
Corn borer cavities .50s .75x .17s .83X .25s .58s .195 
Corn rootworm beetles 
Northern beetles 5.9 5.1 6.0 3.2 3.1 2.8 1.22 
Western beetles 38.8 U3.7 U0.3 31.6 27.3 36.k 5.98 
July 
3U.0sx 26.7sx 39.6x Com rootworm larvae 32.7sx 22.2s 27.9SX U.53 
Root volume (ml) U5.2 66.0s 53.8s I4I.2X 29.8x 36.2x 3.98 
Root dry-weight (g) 9.0 12.2 10.5 8.8 6.6 7.U 2.U5 
Root number U8.5 U8.5 57.1s U6.6x k3.5x ii2.2x 1.93 
Damage rating 2.25s 2.17s 2.08s 2.08s 2.75% 2.ii2s .1U7 
Size rating 3.92s U.50s U.25s 3.75s 2.92x 3.25x .250 
Secondary root-rating 2.25SX 2.67s 2.17SX 2.50s 1.67X 2.338% .225 
Root-angle rating 2.00s 2.67X 2.00s 1.75s 3.08x 3.OOX .202 
Damage percentage k9sx. 39a I4.6SX 35s 55x 52x U.32 
®Means followed by the same letter are not significantly different. 
Table 70. Summary of harvesttime data from 100 plants of each of six single-cross hybrids at 
Sanborn, Iowa, during 1966 
Criterion 
Pioneer Pioneer DeKalb s_ 
3715 SDIO X BlU BlU X N6 VIF9 X Mill 3558 XLii5 X 
2.U8S 2.17s 2.0Us 2.bis 2.95% 2.88x .072 
U.19 5.01s 5.16s U.03 ii.08 3.67% .09U 
2.818 2.9ha 2.96s 2.76s 2.68s 2.65s .109 
2.68X 2.86x 2.U8 1.80s 2.71% 2.78X .058 
2.73 2.33s 2.27s 2.59 3.21X 3.08x .081 
1.87 2.13 2.673 1.68 1.93 1.U3X .lUl 
218 2U5s 209 I82x 202x 197x 6.6U 
Damage rating I 
Size rating 
Secondary root-rating 
Root-angle rating 
Damage rating II 
Recoveiy rating 
Dry ear-weight (g) 
Table 71» Mean squares of various harvesttime criteria used in evaluating the response to a corn 
rootworra infestation of 100 plants of each of six single-cross hybrids at Sanborn, Iowa, 
during 1966 
Degrees of Damage Size Secondary- Root angle Damage Recovery Dry ear-
Source freedom rating I rating root rating rating rating II rating weight 
Hybrids 5 13.50** 3$.10** 1.68 15.18** lU.78** 18.0** ii5899** 
Reps/hybrids 18 k.OO 7.00 6.9k .62 6.21 15.2 28U60 
Error 576 .52 .88 1.19 .3U .65 2.0 UU.3 
Total 599 
Table 72, Mean squares of various harvesttime criteria used in evaluating the response to a corn 
rootworra infestation of 12 caged plants of each of 6 single-cross hybrids at Sanborn, 
Iowa, in 1966 
Degrees of Damage Size Secondary- Root angle Damage Recovery Dry ear-
Source freedom rating I rating root rating rating rating II rating weight 
Hybrids S 3.62** 6.96** 1.U6 2.98** 3.b2** k.29* 10150* 
Reps/hybrids 18 1.74 3.10 2.32 .99 2.38 k.91 3869 
Error U8 .61 .69 1.33 .U9 .6U 1.67 3U89 
Total 71 
**indicates significance at the .01 level, ^indicates significance at the .0$ level. 
Table 73» Mean squares of insect data and selected mid-July quantitative root data pertinent to 12 
caged plants of each of 6 single-cross hybrids at Sanborn, Iowa, in 1966 
Com rootworms 
Source Corn borer 
cavities 
Northern 
beetles 
Western 
beetles 
Larvae Root 
volume 
Root 
dry weight 
Root 
number 
Hybrids 5 .817 26.0 li32 U57 2017** 4980"^ 332** 
Reps/hybrids 18 .87b 18.0 623 859 290 764 61 
Error U8 .458 17.8 U28 246 191 731 45 
Total 71 
^indicates significance at the .01 level. 
Table Jk» Mean squares of July qualitative criteria and July damage percentage pertinent to 12 
caged plants of each of 6 single-cross hybrids at Sanborn, Iowa, in 1966 
Degrees of Damage Size Secondary- Root-angle Damage 
Source freedom rating rating root rating rating percentage 
Hybrids 5 .792** U.28**® l.ijl 3.93** 706* 
Reps/hybrids 18 .236 .53 .31 .1^7 366 
Error 48 ,26k .75 .61 .k9 22k 
Total 71 
** indicates significant at the .01 level, * indicates significance at the .05 level. 
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Table 75» Correlations among 18 criteria used in evaluating caged plants 
1 2 3 1 : 5 6 7 8  
Da I Si Se An Dall Rec Yld N 
Harvest data 
1 Damage rating I - -.55ii**-.25i;* .357** .8l3**-.027 -.180^ .131 
2 Size rating -.551;** - .535**-.287* -.603** .291* .518** .l5b 
3 Secondary roots -.25U* .535** - .069 -.332** ,610** .188 -.011 
k Angle rating .357**-.287* .069 - .262* ..05b -.323**-.191; 
5 Damage rating II .813**-.603**-.332** .262* - -.131; -.li62** .072 
6 Recovery rating -.027 .291* .610**-.051; -.131 - .053 -.050 
7 Yield (g diy earwb)-.l;80** .518** .188 -.323**-.l;62** .053 - .035 
8 Northern beetles .131 .151; -.011 -.191; .072 -.050 .035 
9 Western beetles .162 -.021 -.161 .091; .173 -.3l;6**-.001 .366** 
July data 
10 Rootworm larvae .135 -.111; -.222 .168 .327**-.256* -.073 -.036 
11 Root volume — .021; .108 .036 .118 .121; .027 -.Ol;7 -.221 
12 Root dry weight .022 .103 .000 .108 .127 -.067 -.126 -.181 
13 Root numbers -.055 .116 -.257* -.132 .105 -.015 -.013 -.085 
ll; Damage rating .017 -.178 .012 -.116 .051 —.010 .007 .087 
15 Size rating .031 .019 -.000 .196 .191 -.087 -.205 -.212 
16 Secondary roots .023 .107 .023 -.115 -.033 .212* -.203 -.080 
17 Angle rating -.000 ,060 —.060 -.172 —.100 -.139 .081 .156 
18 Damage percentage .291 -.031 .073 -.045 -.211; -.121; .191 —.OOl; 
**significant at .01 level (d,f.»72, r q^»,302). 
^significant at .05 level (d.f.»72, r ^ ^-.232). 
Table 75 (Continued) 
9 10 11 12 13 11* 15 16 17 18 
W L Vol Wt Rt# Da Si Se An % 
Harvest data 
1 Da I .162 .135 --.021+ .022 -.055 .017 .031 .023 -..000 .291* 
2 Si -.021 -..llii .108 .103 .11:6 --.178 .019 .107 .060 -.031 
3 Se -.161 -.222 .036 .000 -.257* .012 -.000 .023 -..060 .073 
k An .091* .168 .118 .108 -.132 -.116 .196 -.115 -..172 -.01*5 
5 Dali .173 .327** .12ii .127 .105 .051 .191 -.033 -.100 -.211* 
6 Rec -.3U6**-.256* .027 -.067 -.015 -.010 -.087 .21*2* --.139 -.121* 
7 nd —.001 ~ .073 -..Oit7 -.126 -.013 .007 -.205 -.203 .081 .191* 
8 N .366**-.036 -.221 -.181 -.085 .087 -.212 -.080 .156 -.001* 
9 W - .lOU -.066 -.025 .067 .055 -.073 -.187 .103 .161 
July 
10 L .lOli - .314.** .331** .322** .071 .285* -.161* . .095 .098 
11 Vol -.066 .3kl** - .929** .709**-.501** .850** .31*0**-.175 -.350** 
12 Wt -.025 .331** .929** - .751***-.51*7** .885** .386**-.053 -.31*6** 
13 Rt# .067 .322** .709** .75I1** - .337** .696** .288* -.121 -.261** 
lit Da .055 .071 -.501**-.547**-.337** - .511***-.397** .019 .281** 
15 Si -.073 .285* .850** .885** .696**-.511*** - .256* -.181* -.368** 
16 Se -.187 -.I6b .31*0** .386** .288* -.397** .256* - .077 -.255* 
17 An .103 -.095 -.175 -.053 -.121 .019 -.181* -.077 - .083 
18 % .161 .098 -.350**-.31*6**-.261** .281** -.368* -.255* .083 » 
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Table 76. Summary of 1965 and 1966 inbred means^ for damage rating, size 
rating, and root volume 
Damage rating Size rating Root volume (ml] 
Pedigree 1965 1966 1965 1966 1965 1966 
A509 2.25 3.69 2.00 1.75 23 17 
A575 2.W1 3.50 1.9b 2.12 18 20 
A3l| 2.75 3.38 1.25 1.25 12 13 
ND385 2.9L 3.25 2.I1U 2.50 27 26 
A629 2.06 3.56 2.75 1.75 33 16 
ND330 2.12 3.12 3.06 1.88 33 16 
ND363 2.50 3.78 2.25 2.81 22 29 
SDIO 2.06 3.31 3.62 3.50 60 5k 
NDli05 2.50 3.69 2.9b 2.38 35 26 
A556 1.81 3.50 3.69 3.31 63 5k 
W182B 2.06 3.75 2.50 1.81 28 16 
Aiil? 2.31 3.50 2.9k 3.12 38 k6 
A632 1.88 3.12 3.56 2.62 k6 30 
A251 1.88 2.75 1.12 k.Wi 79 87 
A295 2.62 3.W1 3.06 2.9k kk 37 
Oh56ATRF l.'9ii 3.56 3.19 2.9k k6 38 
A265 2.06 3.31 ii.56 k.62 10k 135 
1205 1.88 2.75 3.62 2.81 56 29 
AiiOl 2.06 3.06 3.69 k.l9 50 7k 
A257 2.06 2.69 U.50 3.88 91 73 
CI23 1.88 3.38 3.00 2.50 38 28 
W32° «— 3.25 — k.06 86 
Oh5lA 2.19 ii.l9 3.56 3.12 k9 kl 
B55 1.88 3.31 1.56 3.9k 78 75 
WF9 2.31 3.19 3.19 2.9k 39 33 
A239 1.9k 3.06 3.62 2.69 55 29 
A297 1.88 3.12 il. 31 3.62 82 61 
N6 1.56 3.00 3.9k 3.06 52 30 
H71 2.00 3.00 k.OO k.l2 71 87 
BlU 2.00 2.62 k.62 k.l9 9k 75 
®Each mean based on 16 root systems from the August sançling date 
(8/location). 
^32 failed to germinate in 1965. 
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Table 76 (Continued) 
Damage rating Size rating Root volume (ml) 
Pedigree 1965 1966 1965 1966 1965 1966 
N6D 2.25 3.56 3.12 3.06 39 kl 
Mol7 1.81 3.25 3.88 3.31 63 k5 
H19 2.38 U.31 3.19 2.50 U5 33 
Blil 1.56 3.19 k.62 3.12 90 50 
V22 2.Wi 3.38 3.25 2.69 U5 35 
B67 2.00 2.9k ii.88 k.9k 1U7 16U 
HD2187 2.38 3.06 k.50 li.l2 92 88 
0h07B 1.88 3.50 3.25 2.81 k6 33 
38-11 1.81 k.06 k.69 k.62 107 108 
B6U 1.9U 2.62 3.62 3.88 53 5k 
R105 1.9k 3.38 k.kk 3.62 79 68 
Oh29 1.88 U.19 U.19 3.75 68 72 
HD2286 1.88 3.06 1I.69 k.62 101 Ikl 
G121E 1.9k 3.56 ii.06 li.l2 6U 75 
C131A 2.56 k.06 3.31 2.25 51 30 
82*= 3.75 3.75 67 
H51 2.62 3.kk U.25 U.56 83 90 
Mol3 2.31 3.ià 3.69 k.06 58 71 
Penn.L.Syn. 1.9b —— k.l2 ~ 70 
°B2 was substituted for Pennsylvania Late Synthetic in 1966. 
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Table 77. Summary of 1965 and 1966 inbred means^ for secondary-root rating, 
root-angle rating, root number, and damage percentage 
Secondaiy- Root angle Damage 
root rating rating ° number percentage 
Pedigree 1965 1966 1965 1966 1965 1966 1965 1966 
A509 1.19 1.12 3.31 3.38 50 ii7 22 59 
A5?5 1.56 1.69 2,9k 3.19 h2 k3 31 59 
A3U 1.25 l.là 3.69 li.Mi U6 50 35 Sk 
10)385 2.06 2.12 3.06 2.12 50 là Uh 51 
A629 2.06 1.19 3.00 2.62 Ui 39 25 60 
ND330 1.75 1.25 3.12 3.75 k8 k3 U2 56 
ND363 1.81 2.62 k.l9 3.75 55 58 29 58 
SDIO 3.06 2.69 3.31 3.31 66 73 25 61i 
NDUO5 3.12 2.75 U.06 3.9k 56 55 36 65 
A556 3.69 3.31 1.19 U.oo 78 65 17 56 
WL82B 2.19 2.25 3.06 ii.OO 5ii 51 28 53 
Aiai 3.06 3.25 3.25 3.00 60 62 30 63 
A632 3.00 1.69 2.81 2.62 Sh hh 21 53 
A251 3.06 3.Wi 3.62 3.00 61 6h 23 52 
A295 2.1à 1.9U 2.25 2.50 50 k9 lt3 55 
Oh56ATRF 2.itU 2.10; 3.00 3.19 58 59 27 55 
A265 a.62 b.9k 2.81 2.56 60 55 32 50 
1205 2,31 2.12 2.38 2.38 Sh Mi 26 5b 
AiiOl 1^.00 4.69 3.19 2.56 59 58 26 b6 
A257 a. 31 3.31 2.56 2.69 62 57 32 b8 
C123 2.06 1.50 2.62 2.62 1;7 li6 21 52 
V32^ —— 3.9k 2.W1 —— 61i 62 
Oh5lA 1.38 2.12 2.19 2.12 53 61 28 56 
B55 2.88 2.16 2.75 3.00 66 68 2k b7 
W9 2.62 2.00 2.62 2.W1 lt8 ii7 30 58 
A239 2.56 1.50 1.75 l.là I48 1:6 21 50 
A297 1.62 3.56 2.9b 3.19 61 57 20 52 
N6 2.56 2.31 3.UU 2.9b 76 70 16 57 
H71 1.25 ii.56 2.31 2.19 62 66 17 39 
Bill 3.9U 3.12 2.12 2.19 62 5ii 2b 35 
®Each mean based on 16 root systems from August sampling date (8/ 
location). 
failed to germinate in 1965. 
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Table 77 (Continued) 
Secondary- Root-angle Damage 
Pedigree root rating rating number percentage 
196$ 1966 1965 1966 1965 1966 1965 1966 
N6D 3.12 2.9k 3.06 3.38 50 58 33 58 
Mol7 2.81 2.38 2.56 2.25 kB U8 23 h9 
H19 1.12 2.12 I1.O6 3.88 58 61 3k 60 
Bia 3.9U 2.38 2.06 2.00 72 58 21 6k 
W22 3.75 3.hh 2.88 2.50 59 52 31 55 
b67 5.00 5.38 2.31 2.31 61i 60 21; ii5 
HD2187 3.88 li.56 3.12 3.06 78 7li 30 57 
0h078 1.88 2.ak 3.00 3.06 Sk 56 23 5k 
38-11 ii.l9 li.Wi 2.12 2.25 it8 53 22 56 
B6U 3.00 2.75 1.69 1.31 W a 23 W 
R105 2.62 3.06 3.12 2.69 70 66 26 50 
Oh29 li.50 3.69 2.25 2.38 k9 58 20 56 
HD2286 a.62 5.25 2.88 3.00 69 76 21 k2 
C121E 3.38 3.Wi 2.25 2.31 65 68 22 50 
C131A 2.56 2.50 3.56 3.UU 66 59 33 Bk 
B2° 3.81 1.69 56 k7 
H51 3.06 3.38 2.88 2.31 62 68 35 63 
Mol3 2 2.62 3.25 2,hh 1.81 56 55 30 53 
Penn.L.Syn. 3.06 — 2.19 — 61 — 27 —• 
®B2 was substituted for Pennsylvania Late Synthetic in 1965. 
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Table 78. Sununaiy of 1965 and 1966 inbred means®- for dry weight, nodes, 
and pounds-pull 
Dry weight (g) Nodes Pounds-pull 
Pedigree 1965 1966 1965 1966 1965 196< 
A509 ii.9 1.2 7.00 6.9L 122 82 
A575 U.3 li.6 6.62 6.69 172 112 
A3ii 3.0 2.6 6.25 6.62 89 70 
ND385 8.6 7.5 7.00 6.81 182 123 
A629 9.0 L8 6.88 6.50 188 69 
ND330 9.0 U.9 6.62 6.W1 190 93 
ND363 5.0 7.5 7.31 7.m liiU 129 
SDIO lit.l 12.9 8.00 8.25 267 158 
NDU05 9.5 6.7 7.25 7.W1 183 83 
A556 lU.U 11.2 8.69 8.12 20k 112 
W182B 6.ii 3.9 7.62 7.25 166 97 
Aiai 9.5 12.3 6.88 7.06 196 108 
A632 12.il 9.2 7.69 7.38 187 116 
A251 15.1 15.6 7.88 8.25 2ii0 201 
A295 10.6 9.3 7.19 6.94 168 135 
Oh56ATRF 11.7 9.3 7.75 8.06 201 157 
A265 32.U 38.0 7.38 7.12 265 204 
1205 15.3 7.8 7.25 6.81 263 130 
AUOl 12.0 17.0 7.25 7.62 2ia 18k 
A257 22.9 18.8 8.00 7.88 266 165 
C123 10.2 6.9 6.88 7.00 208 120 
¥32° — — 20.1 — 7.62 — l61t 
Oh5lA 10.6 8.7 7.W1 8.38 211 138 
B55 17.5 16.2 7.31 7.75 294 156 
WF9 12.0 10.1 7.25 7.W1 205 152 
A239 16.1; 8.6 7.38 7.56 278 156 
A297 22.3 16.0 7.88 8.06 219 137 
N6 12.9 8.0 8.12 8.12 2hh 155 
H71 16.2 20.2 7.W1 8.00 211 122 
Blii 27.5 20.1 8.06 7.88 265 170 
®Each mean based on 16 root systems from the August sampling date 
(8/location). 
^32 failed to germinate in 1965. 
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Table 78 (Continued) 
Dry weight Nodes Pounds-pull 
Pedigree 1965 1966 196$ 1966 196$ 1966 
N6D 9.1; 10.1 7.06 7.50 183 170 
Mol7 11.7 9.5 6.56 6.62 285 109 
H19 10.8 6.9 7.81 8.25 263 166 
Bia 25.1 12.9 7.31 7.00 288 107 
W22 9.1i 7.3 7.56 7.06 176 131 
B67 37.7 45.6 7.81 7.50 275 120 
HD2187 21.5 20.8 9.00 8.81 246 219 
0h07B 13.1 8.il 7.16 7.75 291 176 
38-11 23.1 2U.9 7.50 7.81 329 128 
B6ii 16.3 16.2 7.25 7.62 201; 191; 
KL05 20.2 15.3 7.75 7.50 3hl 143 
Oh29 17.7 16.8 7.50 7.88 2h8 188 
HD2286 27.0 39.5 8.75 9.19 311 155 
C121E 16.1 18.7 8.25 8.56 239 183 
C131A 11.2 6.3 7.88 7.75 250 162 
B2° 15.0 8.12 129 
H5l 18.2 18.0 8.25 9.19 221 no 
Mol3 15.9 16.7 7.75 8.06 236 161; 
Penn.L.Syn,"^ 18.7 8.00 ••• 239 194 
°B2 was substituted for Pennsylvania Late Synthetic in 1966, 
